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Functional Characteristics 


This manual describes the system structure, features, 
instruction timings and formulas, channels, device ad- 
dressing, and operator controls unique to System/360 
Model 44. : 

It is assumed the reader has a knowledge of the 
System/360 as defined in the IBM System/360 Prin- 
ciples of Operation, Form A22-6821 and the IBM Sys- 
tem/360 System Summary, Form A22-6810. 

For installations using the direct word, direct data 
channel, or priority interrupt features, a companion 
publication is Data Acquisition Special Features for 
the IBM System/360 Model 44, Form A22-6900. Other 
related literature is described in IBM System/360 Bib- 
liography, Form A22-6822. 
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Processing Unit 





IBM System/360 Model 44 


Model 44, a new member of the 18M System/360, is 
tailored to handle all relatively small to medium-sized 
scientific applications and advanced data acquisition 
and process control applications. Although the Model 
44 is thus specialized, its inclusion within the context 
of System/360 philosophy provides for a very large 
addressing capability, a wide range of high-speed stor- 
age capacities, and 1/o multiplexing on channels of low 
and high data-transfer rates. 


The basic Model 44 is unilaterally compatible with 
System/360 Models 30 through 91. That is, a program 
written for the Model 44 can be executed on any of 
these other models if the compatibility constraints of 
System/360 are observed. However, programs that de- 
pend on special features available for only the Model 
44 cannot be run on any other System/360 model. 
These features are: the selection of less than eight 
bytes for long-precision floating-point arithmetic (to be 
discussed ) and three features (direct word, direct data 
channel, and priority interrupt) described in Data 
Acquisition Special Features for the IBM System/360 
Model 44, Form A22-6900. 


Model 44 was derived from standard System/360 
architecture by including only those capabilities and 
instructions that are required for a binary and scien- 
tific model. The Model 44 therefore excludes 19 in- 
structions that are normally included in the standard 
instruction set; those excluded are decimal arithmetic 
and other variable-field-length instructions. 


One or more multiplexer channels, providing a 
choice of two data transfer rates, can be included in 
the Model 44 system. (Model 44 cannot be equipped 
with selector channels; however, a multiplexer chan- 
nel in which one of its subchannels is operating in 
burst mode performs very similarly to a_ selector 
channel. ) 


Model 44 uses conventional high-speed sequential 
logic control instead of read-only storage. 

Although the Model 44 processing unit is about the 
same in physical size (Figure 1) as that of its nearest 
neighbor, the Model 50, its performance on problems 
for which it is optimized is 30 to 60 per cent faster than 
that of a Model 50. Performance figures depend much 
on the specific applications and optional equipment 
selected, namely: storage size, number and speed of 
channels, and quantity and speed of 1/o devices sup- 
porting the crv. 


System Description 


The Model 44 processing unit contains, as standard 
equipment, a single-disk storage drive (capacity 1,171, 
200 bytes) used for programming systems residence; 
the necessary disk storage adapter; and an adapter for 
the console printer-keyboard that is located on the 
processor table. A second single-disk storage drive, of 
equal capacity to the first, may be added within the 
processing unit as a special feature. (See Figure 2.) 

All the 1/o devices that can be attached to the 
Model 44 are listed, with channel and control-unit 
data, in Figure 9. 


Processing Unit 


As in all other models of the System/360, the smallest 
addressable data unit is the byte, consisting of eight 
bits. A ninth bit, called the parity bit (not available 
to the program), is associated, for checking purposes, 
with each byte. Because of the optimization of Model 
44 toward scientific work, however, the common units 
of data are the 32-bit binary word and the 16-bit 
binary halfword, composed of four and two bytes, 
respectively. Parity is checked upon each data fetch 
from processor storage and each transfer of data to or 
from channels. 

Floating-point arithmetic uses the 32-bit word for 
short operands and a 64-bit double word for long 
operands. Model 44 introduces a new feature, variable 
long-precision floating-point arithmetic, in which dif- 
ferent selections can be made for the length of the 
fraction when long operands are used. (See “Variable 
Long-Precision Floating Point.” ) 

Processor storage speed for the Model 44 is 1 micro- 
second. Four bytes (one word or two halfwords) are 
stored or fetched in each access. Processor storage, al- 
ways housed within the cpu, is available in the four 
capacities shown at the top of Figure 3. 

Data paths throughout the cpu are one word wide. 
Because variable-length fields are not used in Model 
44, bytes are handled in groups of two or four; how- 
ever, they can be manipulated singly by the InsErr 
CHARACTER, STORE CHARACTER, TEST UNDER MASK, or the 
five immediate instructions: 

AND (NI) 

COMPARE LOGICAL (CLI) 
EXCLUSIVE OR (XI) 
MOVE (MVI) 

OR (OL) 
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@ Figure 1. Processing Unit and Console Printer-Keyboard 


The 16 general registers of the basic Model 44 are 
in a normally-unaddressable extension of the 1-micro- 
second processor storage. (This extension is often 
called “bump” storage or “core extension.”) If the op- 
tional high-speed general registers feature (sometimes 
called “accelerator” feature ) is installed, the 16 general 
registers are provided instead in solid logic technology 
(sLT) circuitry having 0.25 microsecond read/write 
time. This quartering of the access periods substanti- 
ally reduces address generation time as well as the 
basic execution time of all fixed-point instructions in 
particular. (See Figures 3 and 7.) 


Arithmetic and logical operations are performed be- 
tween the A and B registers; the results are usually 
formed in the B register. The Bx register, coupled to 
the B register with left and right shifting ability, is 
used in multiply and divide operations and as an 
auxiliary address register. 

If the floating-point feature is installed, the Ax reg- 
ister extends the A register to the 64-bit width needed 
for long-operand floating-point arithmetic. For long 
operands, the high-order halves of the floating-point 
registers are contained in sLT circuitry and the low- 
order halves are contained in the extension of processor 


Processor Storage Cycle: 1 Microsecond 


2044 PROCESSING UNIT 


Storage Bytes Obtained Per Access: 4 


Processor 
Storage Bytes 


Subchannels 
(Valid only When 
Multiplexer Channel is Used) 
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(Up to 4 Subchannels #) 
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Priority Interrupt 
External Interrupt 
Direct Data Channel 


Direct Word 


Indicates 
Optional Feature 


Up to 8 
Control Units 
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Addresses up to 64 |/O devices overlapped with processing--burst or 
multiplex mode 


Lf 


Up to 8 
Control Units (2 per subchannel) 





H1 











A system must have either the Multiplexer or the 1st High-Speed Multiplexer Channel; a system racy have 


either, or both, plus the 2nd High-Speed Multiplexer Channel or the two High-Speed Multiplexer Channets. 


# To each subchannel may be assigned: 
Two shared-path control units, or 


Two devices of a multipath control unit, or 
One shared-path contro! unit and one device of a multipath control unit. 


* Requires: Multiplexer or Ist High-Speed Multiplexer Channel, subchannel, and Control Unit position. 


@ Figure 2. IBM System/360 Model 44 Configurator 


Operates in multiplex or burst mode 
overlapped with processing 


Control Units (2 per subchannel) 


Operates in multiplex or burst mode 
overlapped with processing 


32 Independent Levels 





6 Lines on One Level 


Up to 8 OEM Control Units 


Up to 8 OEM Control Units 


(T) —— Indicates Optional Feature 
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System Model Bytes 


E44 32,768 8,192 

FA4 65,536 16,384 

Processor Storage G44 131,072 32,768 
H44_ 


Manual Data Entry from System Control Panel ane 
= ee eg ieee 
Data Out to 
Parity Channels 
Check/Gen 





Sixteen-bit 
Crossover 






Address Generate 





Data Entry 
- From MPX 








SAR 
Address Entry 
SAR —_— Ic 
bl 24 
& Bats From HSMPX 
0 Address 

FPR = Floating-Point Register Op = Operation Code 21-23, etc. = Bit numbers 

GR = General Register SAR = Storage Address Register * Includes parity 

{C = Instruction Counter SOR = 


Storage Data Register 


t High-Speed General Registers 
8,4,32,etc. = Bit width of the circuit 


+ Can be displayed on system contro! panel 
Figure 3. Data Flow in Model 44 CPU 


storage. For short operands, only the high-order (sit) 
halves of the floating-point registers are used. 

An optional feature provides six lines for external 
interrupts. The source of the external interrupts is 
identified by bits 26-31 of the interruption code in bit 
positions 16-31 of the old program status word (old 
psw). These interrupts are independent of channel 
operations or of the direct-control feature required to 
provide external-interrupt capabilities for most Sys- 
tem/360 models. Figure 14 shows the psw. 


Timer 

Model 44 has either a line-frequency timer as a stand- 
ard capability or a high-resolution timer as a special 
feature. Either type can be used as an interval timer 
to measure elapsed time, or programmed to tell the 
time of day for program completions, etc. The stand- 
ard timer is counted down every 1/60th or 1/50th of a 
second, and is fully described in IBM System/360 
Principles of Operation, Form A22-6821. The special- 
feature timer is mentioned therein also; for this, the 
least significant bit of the 32-bit timer word is decre- 
mented and the resolution is 13 microseconds. 

The low-order eight bits of the high-resolution timer 
lie in an sLT-circuit counter rather than in core storage. 
The contents of the storage address register are moni- 
tored for any reference to byte 83, whether addressed 
directly, or as part of the halfword at 82, or as part of 
the fullword at 80. When any such reference to 83 is 
detected, a substitution occurs that causes the contents 
of the eight-bit counter to participate in the operation 
in place of the storage byte 83. This eight-bit counter 
includes the decrementing and parity-generating cir- 
cuits and acts for all purposes as the low-order byte 
of the timer word. Byte 83 in the storage array be- 
comes unaddressable either by cpu instructions or by 
channels, and its bits cannot be displayed. 

A 76.8-xc oscillator causes the low-order bit of the 
counter to be decremented at approximately 13-micro- 
second intervals. Decrementing the counter does not 
interfere with cru processing. The decrementing is 
prevented by any of the following conditions: 

1. The initial program is being loaded 

2. The cru is in the stopped state 

3. The rate switch is set to INSN STEP 

4, The disable interval timer switch is turned on. 
This switch is for the use of customer engineering (cE) 
personnel. 

Every 1/300th of a second the counter becomes all 
l’s, and bit 23 is updated whenever access to storage 
permits. Specifically, when the counter becomes all I’s, 
a timer step trigger turns on (while the decrementing 
continues); if the timer step trigger is on at end- 


operation time, instruction sequencing is stopped to 
permit the timer word to be updated by the subtrac- 


_tion of 1 from bit position 23, at which time the timer 


step trigger is turned off. Updating takes 1.75 micro- 
seconds, and the fetching of the next instruction is 
delayed for that time. 

If the timer step trigger is on when the crv is fetch- 
ing from the timer word in storage, bits 24-31 of the 
fetched word are made zero; that is, the fetch gets 
only zeros in the fourth byte instead of the contents 
of the counter. This ensures a correct relationship be- 
tween the value fetched from the counter and the 
value fetched from the main storage portion of the 
timer at this instant; the counter is prevented from 
appearing as all l’s when timer bit position 23 is not 
yet decremented. The value of the fetched timer word 
may appear to be off by no more than the execution 
time of the instruction (after allowing for cycle-steal- 
ing by channels). 

If, during the course of an instruction that addresses 
the timer word, an interruption is requested, this in- 
terruption may be delayed until the end of the next 
instruction. Only machine-check and program inter- 
ruptions are not delayed. If only the standard timer 
is installed, however, the delay does not occur for any 
class of interruption. 

When decrementing causes the entire timer word to 
pass from a positive value (including zero) to a nega- 
tive value, a standard timer interrupt occurs in the 
form of an external interruption request. The full cycle 
time, from all 1’s in bit positions 0-23 to the time when 
the interruption signal is generated, is the standard 
15.5 hours. 


Programming Note 

When the timer is used as a real-time clock and the 
cpu is to be instructed to read the current timer value 
and set the clock to some other value, successive full- 
word LOAD and sTorE instructions must be used to 
simulate the Mvc move which is absent from the Model 
44 instruction set. It is possible for a timer updating to 
occur between the Loap and sToRE instructions; thus, 
the real-time clock may “creep” forward by 13 micro- 
seconds, and in the worst case this creep takes place 
whenever the clock value is changed. 


Protection Feature 

The protection feature makes it possible to protect the 
contents of main storage from destruction or misuse. 
When the protection is added, as a special feature, to 
the Model 44, it includes both the store and the fetch 
protection features defined in IBM System/360 Prin- 
ciples of Operation, Form A22-6821. Neither store nor 
fetch protection is available alone. The protection key 
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in storage can be changed by the sET sTORAGE KEY in- 
struction and inspected by the INSERT STORAGE KEY 
instruction. Note that these two instructions are added 
to the Model 44 instruction set only when the protec- 
tion feature is installed. The instruction timings are 
included in Figure 7. 

In the INSERT STORAGE KEY instruction, bit 28 of the 
register designated by the first operand is the fetch 
protection bit and is set to one for both store and fetch 
protection or to zero for store protection only. 

It is possible for the Model 44 to access in one cycle 
a storage word that straddles a 2,048-byte protection 
boundary. This can happen only in instruction fetch- 
ing, at which time a fetch protection violation may 


cause the instruction to be suppressed. However, 
Model 44 has time to fetch and compare both storage 
keys during the one main storage access with no in- 
crease in the instruction time. 


Standard Supporting Equipment 


Console Printer-Keyboard 


The console printer-keyboard (Figure 4) permits com- 
munication between the operator and the system. 
Facilities are provided for interrupting the processing 
unit and for signalling the end of a data transmission. 





eFigure 4. Console Printer-Keyboard 
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The printer-keyboard has a stationary carriage and a 
replaceable, interchangeable printing sphere. Its type- 
writer-style keyboard and the printing function can be 
used independently: the keyboard for system input 
and the printer for computer output. The font of each 
printing sphere is specified by the customer. 

The functions and operations of the console printer- 
keyboard are the same as those described for the 1M 
1052 Printer-Keyboard Model 7 in IBM System/360 
System Summary, Form A22-6810. Operating pro- 
cedures and details are the same as those in IBM 1052 
Printer-Keyboard Model 7 with IBM 2150 Console, 
Form A22-6877. 

The console printer-keyboard is attached to one of 
the system channels via an adapter which is physically 
located within the cru as a standard feature. The in- 
stallation of the console printer-keyboard is also stand- 
ard and takes up either one control-unit position and 
one subchannel of a multiplexer channel or one con- 
trol-unit position and half a subchannel on a high- 
speed multiplexer channel. 


Single-Disk Storage Drive 


The single-disk storage drive provides direct access 
auxiliary storage for a minimum of 1,171,200 bytes on 


a single disk permanently enclosed in an 1nM 2315 
Disk Cartridge and housed within the crv, with side 
access for replacement of cartridges (Figure 5.) Each 
cartridge must be purchased separately, but the drive 
is a standard feature of Model 44. 

The data rate of the disk storage is 90,000 bytes per 
second, necessitating operation in burst mode. Average 
time to seek a track is 70 milliseconds; the subsequent 
rotational delay to a particular record ranges from 0 
to 40 milliseconds and averages 20 milliseconds. 

Information is written on or read from the disk by 
a pair of magnetic read/write heads, one head for each 
surface. The disk is organized in 200 cylinders and 
three spare cylinders; a cylinder consists of a pair of 
tracks, one track per disk surface. Each cylinder con- 
tains 16 sectors (eight per track and surface). Each 
sector has a fixed length of 366 bytes. The three spare 
cylinders ensure that the stated capacities are main- 
tained for the life of the cartridge. The read/write 
heads move, under a single seek command, directly to 
the track addressed. Error detection is accomplished 
on reading data from the disk. 

No programming compatibility exists between the 
single-disk storage drive and disk storage drives con- 
trolled through the 13m 2841 Storage Control. 





@Figure 5. Removing an IBM 2315 Disk Cartridge from a Single-Disk Storage Drive 
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The drive is attached to one of the system channels 
only via an adapter, which is also installed in the cru 
as a standard feature. A second drive may be installed 
in the cpu, as a special feature, to double the storage 
capacity. The two drives use the same shared-path 
adapter and operate on one shared subchannel, requir- 
ing one control-unit position on either a multiplexer or 
a high-speed multiplexer channel. Seek overlap is per- 
missible when both drives are installed. 


Commands 


Control Seek — 00001011: One byte is transferred to 
the adapter. The byte contains the required cylinder 
address (0 through 202). The channel is free after the 
transfer of this byte, and the drive is free at the end of 
the seek. 

Read Data — HSSS1010: Reading begins with the 
head for track H, sector SSS, and continues to the end 
of the track. If SSS—O, the entire track of 2,928 bytes is 
read. If the ccw count goes to zero at the end of sector 
7 (end of track) or before the end of any other sector, 
the drive is free at the end of the sector being read. If 
the ccw count goes to zero at the last byte of a sector 
0-6, however, the device end is delayed until the end 
of the following sector. 

Write Data — HSSS1001: Writing begins at track H, 
sector SSS, and continues to the end of the track. If the 
ccw count goes to zero before the end of the track, the 
remainder of the sector being written is filled with 
zeros by the adapter and the drive is then free. 

Other Commands: The adapter also recognizes read 
rt (00000010), control no-op (00000011), and sense 
commands (00000100). 


Programming Nofes 


The formal record length of the single-disk storage 
drive is 2,928 bytes (one full track); for all correct but 
shorter records, “incorrect length” is a normal indica- 
tion. The ccw for a read or write command must 
therefore contain the sui flag (suppress-length-indica- 
tion, bit 34) unless the operation is to end with the 
366th byte of the eighth sector. 

Command chaining to the next sector may take place 
at a sector boundary without rotational delay unless a 
read operation ends with the 366th byte of sectors 0-6. 


Keys and Lights 

All keys and lights for the proper operation of each 
drive are on the lower left portion of the system con- 
trol panel and are described under “Operator Control 
Section.” 
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Instructions 
The Model 44 executes the following instructions: 
MNEMONICS 
RR RX RS si 
INSTRUCTION FORMAT FORMAT FORMAT FORMAT 

Add AR A ais oS 
Add Halfword See AH eee ees 
Add Logical ALR AL —_—— ee 
AND NR N _—— NI 
Branch and Link BALR- BAL a, pat deh, 
Branch on Condition BCR BC = a 
Branch on Count BCTR’- BCT _——— en 
Compare CR C one aeenere 
Compare Halfword —_—— CH ait aes 
Compare Logical CLR CL -—— CLI 
Divide DR D as iat 
Exclusive OR XR X -_—— XI 
Halt I/O = lal ses HIO 
Insert Character eine IC a Soeanes 
Load LR L beet eases 
Load Address =o LA a See 
Load and Test LTR eS ete ae 
Load Complement LCR —_—- ee oe 
Load Halfword nici LH aoa aes 
Load Negative LNR —_—— ae peeeeas 
Load Positive LPR —__— ——— ee 
Load PSW — aaemee a crac LPSW 
Move ee ae aes MVI 
Multiply MR  M eet * ee 
Multiply Halfword ——— MH _—— _—— 
OR OR O —— ol 
Set Program Mask SPM —_—— —_—— eae 
Set System Mask + —_—~— eee SSM 
Shift Left Double —— -—— SLDA ——— 
Shift Left Double Logical ——— —_—— SLDL —-———- 
Shift Left Single ——— -—— SLA ——— 
Shift Left Single Logical ——— _—— SLL -_—— 
Shift Right Double gees . ieeed., “SRDAG coe 
Shift Right Double Logical ——— os SRDL ——— 
Shift Right Single ——— ——— SRA ——— 
Shift Right Single Logical ——— ——~— SRL -_—— 
Start I/O ——— ——— ——— SIO 
Store —_—— ST —_—— = 
Store Character or STC — —— 
Store Halfword -—— STH ——— __-- 
Subtract SR S ose ee 
Subtract Halfword -_—~ SH eee tape! 
Subtract Logical SLR SL ios =. 
Supervisor Call SVC aa ee a 
Test and Set —_—— Sree —— TS 
Test Channel = aan ese TCH 
Test I/O eee eens gates TIO 
Test Under Mask a= ee a, ™ 


An optional feature provides the full complement of 
floating-point instructions for both long and short oper- 
ands and the rr and rx formats: 


MNEMONICS 
RR FORMAT RX FORMAT 

INSTRUCTION LONG SHORT LONG SHORT 
Add Normalized ADR AER AD AE 
Add Unnormalized AWR AUR AW AU 
Compare CDR CER CD CE 
Divide DDR DER DD DE 
Halve HDR HER —-—— —— 
Load LDR LER LD LE 
Load and Test LTDR LTER ——— ae 
Load Complement LCDR LCER —-—— eet ee 
Load Negative LNDR LNER —-—— ee 


MNEMONICS 


RR RX RS SI 
INSTRUCTION FORMAT FORMAT FORMAT FORMAT 
Load Positive LPDR LPER ——— Sea 
Multiply MDR MER MD ME 
Store -_——~ -_—— STD STE 
Subtract Normalized SDR SER SD SE 


Subtract Unnormalized SWR SUR SW SU 


As already described under “Protection Feature,” 
two more instructions are added when that special 
feature is installed: 


INSTRUCTION FORMAT MNEMONICS 
Set Storage Key RR SSK 
Insert Storage Key RR ISK 


A full description of each instruction (except for 
execution time) is in the IBM System/360 Principles 
of Operation, Form A22-6821. Full timing formulas, 
and bases for determining the average times given in 
Figures 7 and 8, are described in this manual under 
“Instruction Timing Formulas.” 


Variable Long-Precision Floating Point 


“Some floating-point problems need more than short 
precision but do not require the 56 bits of long pre- 
cision. With the variable long-precision floating-point 
feature, the user can adjust long-precision instructions 
for execution with 32, 40, 48, or the full 56 bits of 
precision. The adjustment for variable long-precision 
floating point is made at program execution time by 
setting a rotary switch on the system control panel 
to one of four positions (Figure 6). Each successively 
lower setting truncates eight bits from the fraction 
length. Figure 8 shows the effects on execution time. 


LONG PRECISION 
(FRACTION LENGTH 


SWITCH SETTING 
(NO, OF HEXADECIMAL 


DIGITS IN FRACTION ) IN BITS ) 
14 56 
12 48 
10 40 
8 32 


For maximum speed, the switch is set to 8; for 
maximum precision, it is set to 14. Setting the switch 
to 14 maintains complete compatibility with other 
System/360 models using long-precision floating point. 
At settings 8, 10, or 12, all floating-point operations 
fetch the operands (from storage or floating-point 
registers) truncated to the selected fraction length; 











| . Fraction 


—--—6 Hexadecimal Digits >| a—>| 10—>| 12 > ie 


t 
Short Precision = 24 Bits —>| 
aia ision = 32, 40, 48, or 56 Bi 
Charac- Long peep len , 40, 48, or its 


teristic ! 
Floating-Point ' 
Precision 1 
' 
1 


Sign plus 





Figure 6. Variation of Fraction Length in Long Precision 


low-order zeros are assumed to exist to the right of 
the truncation point. Model 44 always performs long- 
precision arithmetic with 56 bits. Therefore, when the 
truncated fraction is right-shifted for alignment during 
the performance of addition, subtraction, and com- 
parison instructions, two, four, or six guard digits 
(depending on the selected precision) participate in 
the computation. With unnormalized addition and sub- 
traction, the fraction in the result is tested for lost 
significance up to the selected fraction length. 


Indexing Time 

All Model 44 instruction timings (Figures 7 and 8) 
include the 1-microsecond I time and, for instructions 
that reference storage, the time to perform single in- 
dexing by one general register as referenced in the 
instruction (i.e., B ~ 0). 

For instructions in which double indexing is possible 
(i.e., all Rx format instructions) the time required for 
the second indexing is 1 microsecond on the basic 
Model 44, or 0.75 microsecond when the high-speed 
general registers feature is installed. The times shown 
for the eight shift instructions assume no indexing (i.e., 
B = 0). For special timing calculations, the following 
adjustments may be made: 


BASIC WITH HIGH-SPEED 
MODEL 44 GENERAL REGISTERS 

INSTRUCTION FETCH 

(included in all timings): 1.00 1.00 
FIRST INDEXING 

(excluded for shift instructions ): 1.00 0.25 
SECOND INDEXING 

(excluded from all timings): 1.00 0.75 
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Instruction Format Mnemonic Basic Model 44 Mode! 44 with High-Speed 
General Registers Feature (ms **) 
RR AR ; 

















Add 3.75 
Add 4.75 
Add Hal fword 4.75 
Add Logical 3.75 
Add Logical 4.75 
AND 3.75 
AND 4.75 
AND 3.75 
Branch and Link 3.25 













Branch and Link 
Branch on Condition 


Branch on Condition 















Branch on Count 
Branch on Count 
Compare 
Compare 
Compare Halfword 
Compare Logical 
Compare Logical 
Compare Logical 
Divide 
Divide 
Exclusive OR 
Exclusive OR 
Exclusive OR 
Halt 1/0 
Insert Character 
*Insert Storage Ke 
Load 
Load 
Load Address 
Load and Test 
Load Complement 
Load Halfword 
Load Negative 
Load Positive 
Load PSW 
Move 
Multiply 
Multiply 
Multiply Halfword 
OR 





























3.00 
2.25 = 35.00 
2.50 EA, 2.25 OA 

























OR 
OR 
Set Program Mask 
*Set Storage Key 
Set System Mask 
















0 


5.50 + 0.25 (S-3) 3.00 + 0.25 (S-1) 
5.50 + 0.25 (S-3) 3.00 + 0.25 (S-1) 
3.50 + 0.25 (S-3) 2.25 + 0.25 (S-1) 


wn 
IA 
a 

























Shift Left Double 
Shift Left Double Logical 
Shift Left Single 
Shift Left Single Log 
Shift Right Double 
Shift Right Double Logical 
Shift Right Single 

Shift Right Single Logical 




























ical 

























5.50 + 0.25 (5-3) 
5.50 + 0.25 (S-3) 
3.50 + 0.25 ($-3) 
3.50 + 0.25 (S-3) 


3.00+ 0.25 (S-1)° 
3.00 + 0.25 (S-1) 
2.25 + 0.25 (S-1) 
2.25 + 0.25 (S=1) 


nanan ain oH uw 
ooo o1ooo00o 


WwW nid wm on 








For single indexing 
of shift instructions, 


Add 1.00 


For single indexing 
of shift instructions, 
Add 0.25 















Start 1/O 3.00 =~ 40,00 2.25 - 40.00 
Store 4.25 2.50 

Store Character 4.75 EA,4.25 OA 3.00 EA,2.50 OA 
Store Halfword 2.50 


Subtract 
Subtract 
Subtract Halfword 
Subtract Logical 
Subtract Logical 
Supervisor Call 
Test and Set 
Test Channel 
Test |/O 

Test Under Mask 


1.75 
















2.75 
3.25 = 20.00 
2.25 = 38.00 
2.25 EA,2.50 OA 






£00 - 20.00 
- 38.00 








NOTES: EA = Even Address Fardsob le tadext f 
OA=Odd Address ee eat eis ead 
S =Number of bits shifted Ofmar nsiwonens, ag 


*Instruction added with protection feature 
** All times except those for the eight shift instructions include single indexing; see "Indexing Time." 


Figure 7. Execution Time for Standard Instructions and Protection-Feature Instructions 
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im 














Average Time in Microseconds * 


Basic Model 44 Model 44 with High-Speed 


General Registers Feature 





Instruction Format 


Add Normalized (long) RR 
Add Normalized (long) 

Add Normalized (short) 
Add Normalized (short) 
Add Unnormalized (long) 
Add Unnormalized (long) 
Add Unnormalized (short) 
Add Unnormalized (short) 







































Compare (Long) 
Compare (Long) 
Compare (Short): 
Compare (Short) 






Divide (Long) 
Precision 14 
Precision 12 
Precision 10 
Precision 8 

Divide (Long) 
Precision 14 
Precision 12 
Precision 10 
Precision 8 

Divide (Short) 

Divide (Short) 






Halve (Long) 
Halve (Short) 











Load (Long) 
Load (Long) 
Load (Short) 





Load and Test (Long) 
Load and Test (Short) 

Load Complement (Long) 
Load Complement (Short) 
Load Negative (Long) 
Load Negative (Short) 
Load Positive (Long) 

Load Positive (Short) 






















Multiply (Long) 
Precision 14 
Precision 12 
Precision 10 
Precision 8 

Multiply (Long) 
Precision 14 
Precision 12 
Precision 10 
Precision 8 

Multiply (Short) 

Multiply (Short) 











nn 
on 
oa 





















Store (Long) 

Store (Short) 

Subtract Normalized (long) 
Subtract Normalized (long) 
Subtract Normalized (short) 
Subtract Normalized (short) 
Subtract Unnormalized (long) 
Subtract Unnormalized (long) 
Subtract Unnormalized (short) 
Subtract Unnormalized (short) 







NNN RIO ONNN 

OSVag=2oaaR 
MYUANIA® aAnNnawn 
RVORZASSSS 





For double indexing of RX format instructions, add 


*All times include single indexing; see "Indexing Time." 


Figure 8. Execution Time for Floating-Point Instructions 
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Instruction Timing Formulas 


The timing formulas for the standard and protection- both in the presence and absence of the high-speed 
feature instructions and the floating-point instructions — general registers feature. 
are given separately; all instructions are considered 


Group 1: Standard and Protection Timings with High-Speed General Registers 


AVERAGE 
TIME 
INSTRUCTION MNEMONIC TIMING FORMULA (microseconds ) 
Add AR 1.75 1.75 
Add A 2.0 + BX 2.25 
Add Halfword AH 2.0 + BX 2.25 
Add Logical ALR 1.75 1.75 
Add Logical AL 2.0 + BX ‘ 2.25 
AND NR 1.75 1.75 
AND N 2.0 + BX 2.25 
AND NI 2.75 + BX 3.00 
Branch and Link BALR = 2.25 2.25 
Branch and Link BAL 2.25 + BX 2.50 
Branch on Condition BCR 1.0 + 0.75F! 1.37 
Branch on Condition BC 1+ BX + 0.75F! 1.63 
Branch on Count BCTR 2.5 2.50 
Branch on Count BCT 2.5 + BX 2.75 
Compare CR 1.75 1.75 
Compare C 2.0 + BX 2.25 
Compare Halfword CH 2.0 + BX 2.25 
Compare Logical CLR 1.75 1.75 
Compare Logical CL 2.0 + BX 2.25 
Compare Logical CLI 2.25 + BX 2.50 
Divide DR 28.75 28.75 
Divide D 28.75 + BX 29.00 
Exclusive OR XR 1.75 1.75 
Exclusive OR X 2.0 + BX 2.25 
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INSTRUCTION 
Exclusive OR 
Halt I/O 


Insert Character 

Insert Storage Key 

Load 

Load 

Load Address 

Load and Test 

Load Complement 

Load Halfword 

Load Negative 

Load Positive 

Load PSW 

Move 

Multiply 

Multiply 

Multiply Halfword 

OR 

OR 

OR 

Set Program Mask 

Set Storage Key 

Set System Mask 

Shift Left Double 

Shift Left Double Logical 
Shift Left Single 

Shift Left Single Logical 
Shift Right Double 

Shift Right Double Logical 
Shift Right Single 


MNEMONIC 
XI 
HIO 


IC 
ISK 
LR 


LA 
LTR 
LCR 
LH 
LNR 
LPR 
LPSW 
MVI 
MR 


MH 
OR 


Ol 
SPM 
SSK 
SSM 
SLDA 
SLDL 
SLA 
SLL 
SRDA 
SRDL 
SRA 


TIMING FORMULA 
2.75 + BX 


HSMPX = 1 + BX + MM 
+ 2BM -- IFR 


(5 -+ SEL + CU) 


MPX = 1-+ BX -+_MM 
+ BM + IFR 
(7 + SEL + CU) 


2.0 + BX + 0.25EA 
2.0 

1.0 

2.0 + BX 

1.0 + BX 

1.0 

1.75 

2.0 + BX 

1.75 

1.75 

3.5 + BX 

2.75 -- BX 

10.75 + 0.5A 

11.25 + BX + 0.5A 


7.15 + BX + 0.5A 


1.75 

2.0 + BX 

2.75 + BX 

1.50 

2.0 

2.5 + BX + 0.250A 

3.0 + BX + 0.25 (S—1) 
3.0 + BX + 0.25 (S —1) 
2,25 + BX + 0.25 (S—1) 
2.25 + BX + 0.25 (S—1) 
3.0 + BX + 0.25 (S—1) 
3.0 + BX + 0.25 (S—1) 
2.25 + BX + 0.25 (S — 1) 


AVERAGE 


TIME 


(microseconds ) 


3.00 


2.25 to 35.00 


2.37 
2.00 
1.00 
2.25 
1.25 
1.00 
1.75 
2.25 
1.75 
1.75 
3.75 
3.00 
16.14 
16.89 
10.72 
1.75 
2.25 
3.00 
1.50 
2.00 
2.87 


Instruction Timing Formulas 
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INSTRUCTION MNEMONIC 
Shift Right Single Logical SRL 
Start I/O SIO 
Store ST 
Store Character STC 
Store Halfword STH 
Subtract SR 
Subtract S 
Subtract Halfword SH 
Subtract Logical SLR 
Subtract Logical SL 
Supervisor Call SVC 
Test and Set TS 
Test Channel TCH 
Test I/O TIO 
Test under Mask ™ 


AVERAGE 
TIME 


TIMING FORMULA (microseconds ) 
2.25 + BX + 0.25 (S —1) 


2.25 to 40.00 


Group 2: Floating-Point Timings with High-Speed General Registers 


INSTRUCTION MNEMONICG 
Add Normalized (long) ADR 
Add Normalized (long) AD 
Add Normalized (short ) AER 
Add Normalized (short ) AE 
Add Unnormalized (long) AWR 
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HSMPX = 1 -- BX + MM 
+2BM + IFR 
(12 + SEL + CU) 
MPX = 1+ BX + MM 
+BM-+IFR 
(12 + SEL + CU) 
2.25 + BX 2.50 
2.25 + BX + 0.5EA 2.75 
2,25 + BX 2,50 
1.75 1.75 
2.0 + BX 2.25 
2.0 + BX 2.25 
1.75 1.75 
2.0 + BX 2.25 
1.0 1.00 
2.5 + BX 2.75 
1+ BX + MM + 2 3.25 to 20.00 
HSMPX = 1+ BX + MM 2.25 to 38.00 
+ 2BM + IFR 
(6 + SEL + CU) 
MPX =1+ BX+ MM 
+ BM + IFR 
(10 + SEL + CU) 
2.0 + BX + 0.250A 2.37 
AVERAGE 
TIME 
TIMING FORMULA (microseconds ) 
5.75 + 0.25 6.28 
(EXP14 + 6T! + H1*) 
6.75 + BX + 0.25 7.53 
(EXP“ + 6T! + H1*) 
3 + 0.25 3.81 
(EXP! -++- EXP? + 2T1AT!H® + H’) 
3.5 + BX -+ 0.25 4.56 
(EXP! + EXP? + 2T! + T!H® + H’) 
5.75 + 0.25 (EXP!* + 6T?) 6.25 


INSTRUCTION 


Add Unnormalized (long) 
Add Unnormalized (short ) 
Add Unnormalized (hore) 


Compare (long) 
Compare (long) 


Compare (short ) 
Compare (short ) 


Divide (long) 
32 bits 


AO bits 
48 bits 


56 bits 


Divide (long) 
32 bits 


40 bits 
48 bits 
56 bits 


Divide (short) 
Divide (short) 


Halve (long) 
Halve (short) 


MNEMONIC TIMING FORMULA 


AW 
AUR 
AU 


CDR 
CD 
CER 
CE 


DDR 


DDR 
DDR 


DDR 


DD 


DD 
DD 
DD 


DER 
DE 


HDR 
HER 


6.75 + BX + 0.25 
(EXP"4 + 6T!) 


3 + 0.25 

(EXP! + EXP? + 3T’) 

3.5 + BX + 0.25 

(EXP! + EXP? + 3T?) 

5.5 -+ 0.25EXP'4 

6.5 -- BX + 0.25EXP™ 

3.0 + 0.25 (EXP! + EXP") 


3.5 -- BX + 0.25 
(EXP! + EXP’) 


31.25 + 0.25 (H! —1) + 0.25 
(H2 — 1) + 3G" 


39.25 + (49.75 + 5G7) LS8 
+ 0.25 (H! — 1) + 0.95 
(11) 43c" 


44.75 -+ (59.75 -+ 5G7) LS16 
+ 0.25 (H!—1) +. 0.25 
(H?—1) +3G? 


50.25 + (69.75 + 5GT) LS? 
4+ 0.25 (Ht —1) + 0.25 
(H2 —1) + 3G" 


32.25 + BX + 0.25 (H!—1) 
+ 0.25 (H? —1) +. 3G? 
40.25 + BX -b (49.75 

+ 5G7) LS§ + 0.25 (H! — 1) 
+ 0.25 (H? —1) + 3G" 
45.75 + BX - (59.75 

+ 5G?) LS + 0.25 (H! — 1) 
+ 0.25 (H?—1) + 3G" 
51.25 + BX -+ (69.75 + 5G?) 
LS* + 0.25 (H!— 1) 

+ 0.25 (H? —1) +. 3G? 
21.75 + 0.25 (H? — 1) 

+ 0.25 (H2 —1) + 3G" 
29,95 -- BX + 0.25 (H! — 1) 
+. 0.25 (H? — 1) + 3G? 

3.25 


1.5 


AVERAGE 
TIME 
(microseconds ) 
7.50 
3.79 
4.54 


5.84 
7.09 
3.50 
4.25 


32.75 


93.00 


108.50 


124.00 


34.00 


94.25 


109.75 


125.25 


23,25 


24.00 


3.29 
1.50 
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INSTRUCTION 

Load (long) 

Load (long) 

Load (short) 

Load (short) 

Load and Test (long) 
Load and Test (short) 
Load Complement (long) 
Load Complement (short ) 
Load Negative (long) 
Load Negative (short) 
Load Positive (long) 
Load Positive (short) 


Multiply (long) 
32 bits 


40 bits 


48 bits 


56 bits 


Multiply (long) 
32 bits 


40 bits 


48 bits 


56 bits 


Multiply (short) 


20 


MNEMONIC 
LDR 
LD 
LER 
LE 
LTDR 
LTER 
LCDR 
LCER 
LNDR 
LNER 
LPDR 
LPER 


MDR 


MDR 


MDR 


MDR 


MD 


MD 


MD 


MD 


MER 


TIMING FORMULA 
3.0 

40 + BX 
1.0 

2.0 + BX 
3.0 

1.0 

3.0 

1.0 

3.0 

1.0 

3.0 

1.0 


3,75 + [12.0 + 0.5A 
+ 0.25 (H! — 1) + 0.25 
(H2 —1)] G* 


3.75 + [30.75 + 0.5A 
+. 0.25 (H!—1) + 0.95 
(H? —1)] G8 


3.75 + [85.25 + 0.5A 
+ 0.25 (H!—1) + 0.25 
(H2 —1)] GS 


3.75 + [39.75 + 0.5A 
+ 0.25 (H! —1) + 0.25 
(H? —1)] Ge 


4.75 + BX + [12.0 + 0.5A 
+ 0.25 (H! —1) + 0.25 
(H2 —1)] Ge 


4.75 + BX + [30.75 + 0.5A 
+ 0.25 (H? —1) + 0.25 
(H2 — 1)] Ge 


4.75 + BX + [35.25 + 0.54 
+. 0.25 (H! —1) + 0.25 
(H? —1)] G8 


4.75 + BX + [39.75 + 0.5A 
+ 0.25 (H!—1) + 0.25 
(H? —1)] G8 


3.0 + G® 
(7.0 + 0.5A + 0.25H'*) 


AVERAGE 
TIME 
(microseconds ) 


3.00 
4.25 
1.00 
2.25 
3.00 
1.00 
3.00 
1.00 
3.00 
1.00 
3.00 
1.00 


21.14 


44.06 


52.72 


61.39 


22.39 


45.31 


53.97 


62.64 


14.06 


INSTRUCTION 


Multiply (short) 


Store (long) 
Store (short) 


Subtract Normalized (long) 
Subtract Normalized (long) 
Subtract Normalized (short) 
Subtract Normalized (short) 


Subtract Unnormalized (long) 


Subtract Unnormalized (long) 
Subtract Unnormalized (short) 


Subtract Unnormalized (short) 


MNEMONIC 


ME 


STD 
STE 
SDR 


SD 


SER 


SE 


SWR 
SW 


SUR 


SU 


TIMING FORMULA 


3.5 + BX + G8 
(7.0 + 0.5A + 0.25H!2) 


4.95 + BX 
2.95 + BX 


5.75 + 0.25 
(EXP' + 6T! + H"*) 


6.75 + BX + 0.25 
(EXP + 6T! + HI") 


3.0 + 0.25 
(EXP! + EXP? + 2T! + T'H® + H’) 


3.5 + BX + 0.25 
(EXP! -- EXP? + 2T! + T'H® + H7) 


5.75 + 0.25 (EXP™ + 6T") 


6.75 + BX -+ 0.25 
(EXP - 6T?) 

3.0 -+ 0.25 

(EXP! +. EXP? + 3T’) 


3.5 - BX + 0.25 
(EXP! + EXP? + 3T*) 


Group 3: Standard and Protection Timings without High-Speed General Registers 


INSTRUCTION 

Add 

Add 

Add Halfword 

Add Logical 

Add Logical 

AND 

AND 

AND 

Branch and Link 
Branch and Link 
Branch on Condition 
Branch on Condition 
Branch on Count 


Branch on Count 


MNEMONIC 
AR 
A 
AH 
ALR 
AL 
NR 


NI 
BALR 
BAL 
BCR 
BC 
BCTR 
BCT 


TIMING FORMULA 
3.75 

3.75 + BX 

3.75 + BX 

3.75 

3.75 + BX 

3.75 

3.75 + BX 

2.75 + BX 

3.25 

2.25 + BX 

1.0 + L5F! 

1+ BX + 0.75F! 
3.75 

2.75 + BX 


AVERAGE 
TIME 


(microseconds ) 


14.81 


4.50 
2.50 
6.28 


7.53 


3.81 


4.56 


6.25 
7.50 


3.79 


4.54 


AVERAGE 
TIME 


(microseconds ) 


3.75 
4.75 
4,75 
3.75 
4.75 
3.75 
4.75 
3.75 
3.25 
3.25 
1.75 
2.37 
3.75 
3.75 


Instruction Timing Formulas 
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INSTRUCTION 
Compare 
Compare 
Compare Halfword 
Compare Logical 
Compare Logical 
Compare Logical 
Divide 

Divide 

Exclusive OR 
Exclusive OR 
Exclusive OR 
Halt I/O 


Insert Character 
Insert Storage Key 
Load 

Load 

Load Address 
Load and Test 
Load Complement 
Load Halfword 
Load Negative 
Load Positive 
Load PSW 

Move 

Multiply 

Multiply 

Multiply Halfword 
OR 

OR 

OR 


22 


MNEMONIC 


CR 
C 
CH 
CLR 
CL 
CLI 
DR 
D 
XR 
X 
XI 
HIO 


IC 
ISK 
LR 


LA 
LTR 
LCR 
LH 
LNR 
LPR 
LPSW 
MVI 
MR 


MH 
OR 


OI 


TIMING FORMULA 
3.0 

3.0 + BX 
3.0 + BX 
3.0 

3.0 + BX 
2.25 +. BX 
31.75 

31.75 + BX 
3.75 

3.75 + BX 
2.75 + BX 


HSMPX = 1 -+ BX + MM 
4+ 2BM + IFR 
(5 + SEL + CU) 
MPX = 1+ BX -+ MM 
4+ BM -+ IFR 
(7 + SEL + CU) 


3.0 + BX 

3.5 

3.0 

3.0 + BX 

2.0 + BX 

3.0 

3.0 

3.0 + BX 

3.0 

3.0 

3.5 + BX 

2.75 + BX 

13.0 + 0.5A 

13.0 + BX + 0.5A 
9.0 + BX + 0.5A 
3.75 

3.75 + BX 

2.75 + BX 


AVERAGE 
TIME 
(microseconds ) 


3.00 
4.00 
4.00 
3.00 
4.00 
3.25 
31.75 
32.75 
3.75 
4.75 
3.75 
3.00 to 35.00 


4.00 
3.50 
3.00 
4.00 
3.00 
3.00 
3.00 
4.00 
3.00 
3.00 
4.50 
3.75 
18.39 
19.39 
12.72 
3.75 
4.75 
3.75 


INSTRUCTION 

Set Program Mask 

Set Storage Key 

Set System Mask 

Shift Left Double 

Shift Left Double Logical 
Shift Left Single 

Shift Left Single Logical 
Shift Right Double 

Shift Right Double Logical 
Shift Right Single 

Shift Right Single Logical 
Start I/O 


Store 

Store Character 
Store Halfword 
Subtract 
Subtract 
Subtract Halfword 
Subtract Logical 
Subtract Logical 
Supervisor Call 
Test and Set 
Test Channel 
Test I/O 


Test under Mask 


MNEMONIC 
SPM 
SSK 
SSM 
SLDA 
SLDL 
SLA 
SLL 
SRDA 
SRDL 
SRA 
SRL 
SIO 


ST 
STC 
STH 
SR 


SH 
SLR 
SL 
SVC 
TS 
TCH 
TIO 


™ 


TIMING FORMULA 

2.0 

3.0 

2.5 + BX + 0.50A 

5.5 + BX + 0.25 (S —3) 
5.5 + BX + 0.25 (S —3) 
3.5 -- BX + 0.25 (S — 3) 
3.5 + BX + 0.25 (S —3) 
5.5 + BX + 0.25 (S —3) 
5.5 + BX + 0.25 (S —3) 
3.5 + BX + 0.25 (S — 3) 
3.5 + BX + 0.25 (S — 3) 


HSMPX — 1+ BX + MM 
4+ 2BM -- IFR 
(12 + SEL + CU) 
MPX = 1-+ BX + MM 
4. BM + IFR 
(12 + SEL + CU) 


3.25 + BX 
3.25 + BX + 0.5EA 
3.25 + BX 

3,75 

3.75 + BX 

3.75 + BX 

3.75 

3.75 + BX 

1.0 

2.5 + BX 
1+BX+MM+2 


HSMPX — 1 -+ BX + MM 
4+ 2BM + IFR 
(6 + SEL + CU) 
MPX = 1-+ BX + MM 
+ BM -- IFR 
(10 + SEL + CU) 


2.0 + BX -+ 0.250A 


AVERAGE 
TIME 


(microseconds ) 


2.00 
3.00 
3.75 


3.00 to 40.00 


4,25 
4.50 
4.25 
3.75 
4.75 
4.75 
3.75 
4,75 
1.00 
3.50 


4,00 to 20.00 
3.00 to 38.00 


3.12 
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Group 4: Floating-Point Timings without High-Speed General Registers 


INSTRUCTION 


Add Normalized (long) 
Add Normalized (long) 
Add Normalized (short) 
Add Normalized (short) 


Add Unnormalized (long) 
Add Unnormalized (long) 


Add Unnormalized (short) 
Add Unnormalized (short) 


Compare (long) 
Compare (long) 
Compare (short) 
Compare (short) 


Divide (long) 
32 bits 


AO bits 


48 bits 


56 bits 


Divide (long) 
32 bits 


40 bits 


24 


MNEMONIC 


ADR 


AD 


AER 


AE 


AWR 
AW 


AUR 


AU 


CDR 
CD 
CER 
CE 


DDR 


DDR 


DDR 


DDR 


DD 


DD 


TIMING FORMULA 


5.75 + 0.25 
(EXP14 + 6T! + H1*) 


6.75 + BX + 0.25 

(EXP! + 6T! + H14) 

3 + 0.25 

(EXP! + EXP? + 9T! + T!H® + H7) 
3.5 + BX ++ 0.25 

(EXP! + EXP? - 9T! 4 TIH® + H7) 
5.75 + 0.25 (EXP" + 6T) 


6.75 -- BX + 0.25 
(EXP +. 6T?) 


3 + 0.25 
(EXP! + EXP? + 3T?) 


3.5 + BX + 0.25 
(EXP! + EXP? + 3T!) 


5.5 -L 0.25EXP14 
6.5 -+ BX + 0.25EXP"4 
3.0 -- 0.25 (EXP! -- EXP’) 


3.5 + BX + 0.95 
(EXP! + EXP’) 


31.25 -+ 0.25 (H! — 1) 
4+ 0.25 (H?—1) + 3G" 


39.25 + (49.75 + 5G7) LS8 
+ 0.25 (H!—1) 
4+ 0.25 (H?—1) +3G? 


44.75 + (59.75 + 5G7) LSi¢ 
+ 0.25 (H! — 1) 
4 0.25 (H?—1) +3G? 


50.25 + (69.75 -+ 5G7) LS 
+ 0.25 (H? ~1) 
+ 0.25 (H2—1) + 3G? 


32.25 + BX + 0.25 (H! — 1) 
+ 0.25 (H?—1) +3G? 


40.25 + BX 

+ (49.75 + 5G) LS8 
+ 0.25 (H? —1) 

+ 0.25 (H?—1) + 3G" 


AVERAGE 
TIME 
(microseconds ) 
6.28 
8.28 
3.81 
5.31 


6.25 
8.25 


3.79 


5.29 


5.84 
7.84 
3.50 
5.00 


32.75 


93.00 


108.50 


124.00 


34.75 


95.00 


INSTRUCTION 


48 bits 


56 bits 


Divide (short) 
Divide (short) 


Halve (long) 
Halve (short) 
Load (long) 
Load (long) 
Load (short) 
Load (short) 
Load and Test (long) 
Load and Test (short) 
Load Complement (long) 
Load Complement (short) 
Load Negative (long) 
Load Negative (short) 
Load Positive (long) 
Load Positive (short) 
Multiply (long) 

32 bits 


40 bits 
48 bits 


56 bits 


MNEMONIC TIMING FORMULA 


DD 


DD 


DER 
DE 


HDR 
HER 
LDR 
LD 
LER 
LE 
LTDR 
LTER 
LCDR 
LCER 
LNDR 
LNER 

‘LPDR 
LPER 


MDR 


MDR 


MDR 


MDR 


45.75 + BX 

4 (59.75 ++ 5G?) LS 
+. 0.25 (H! —1) 

+ 0.25 (H2—1) +. 3G" 


51.95 + BX 
+ (69.75 + 5G") LS? 
+ 0.25 (H! — 1) 

+ 0.25 (H?— 1) + 3G" 


21.75 + 0.25 (Ht —1) 
+. 0.25 (H? —1) + 3G? 


22.95 + BX + 0.25 (H! —1) 
4+. 0.25 (H? —1) + 3G" 


3.25 
15 
3.0 
4.0 + BX 
1.0 
2.0 + BX 
3.0 
1.0 
3.0 
1.0 
3.0 
1.0 
3.0 
1.0 


3.75 -+- [12.0 + 0.5A 
+ 0.25 (H! — 1) 
+ 0.25 (H2 — 1)] G® 


3.75 + [30.75 + 0.54 
+ 0.25 (H! —1) 
+ 0.95 (H? —1)] G8 


3.75 + [35.25 + 0.5A 
+ 0.25 (H? — 1) 
+ 0.25 (H? —1)] G® 
3.75 + [39.75 + 0.5A 
+ 0.25 (H! —1) 
+ 0.25 (H? —1)] Ge 


AVERAGE 
TIME 


(microseconds ) 


110.50 


126.00 


23.25 


24.75 


3.25 
1.50 
3.00 
5.00 
1.00 
3.00 
3.00 
1.00 
3.00 
1.00 
3.00 
1.00 
3.00 
1.00 


21.14 


44.06 


52.72 


61.39 
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INSTRUCTION 
Multiply (long) 
32 bits 


40 bits 


48 bits 


56 bits 


Multiply (short) 
Multiply (short) 


Store (long) 
Store (short) 
Subtract Normalized (long) 


Subtract Normalized (long) 
Subtract Normalized (short) 
Subtract Normalized (short) 


Subtract Unnormalized (long) 
Subtract Unnormalized (long) 


Subtract Unnormalized (short) 


Subtract Unnormalized (short) 


Symbols Used in Timing Formulas 
All times are in microseconds. A negative value of any 
expression in parentheses should be treated as zero. 


A = The number of addition-subtraction cycles re- 
quired during multiplication. Its value is data- 


dependent as follows: 
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MNEMONIC 
MD 
MD 
MD 


MD 


MER 
ME 


STD 
STE 
SDR 


SD 
SER 
SE 


SWR 
SW 


SUR 


SU 


TIMING FORMULA 


4.75 + BX + [12.0 + 0.5A 
+ 0.25 (H1! — 1) 
+ 0.25 (H? —1)] G 


4.75 + BX + [30.75 + 0.5A 
+ 0.25 (H! —1) 

+ 0.25 (H?—1)] G8 

4.75 + BX + [35.25 + 0.5A 
+ 0.25 (H! —1) 

+ 0.25 (H? —1)] GS 

4.75 + BX + [39.75 + 0.5A 
+ 0.25 (H! —1) 

+ 0.25 (H? —1)] G8 

3.0 + G8 

(7.0 + 0.5A -+ 0.25H?2) 


3.5 + BX + G® 
(7.0 + 0.5A + 0.25H??) 


4.25 + BX 
2.25 + BX 


5.75 + 0.25 
(EXP™ + 6T! + H!*) 


6.75 + BX + 0.25 
(EXP" + 6T! + Hi) 


3.0 + 0.25 
(EXP! + EXP? + 9T! + T1H® + H7) 


3.5 + BX + 0.25 
(EXP! + EXP? + 9T! + T!H® + H7) 


5.75 + 0.25 (EXP! + 6T?) 


6.75 -- BX + 0.25 
(EXP + 6T?) 

3.0 + 0.25 

(EXP! + EXP? -L 3T?) 


3.5 + BX -+ 0.25 
(EXP! + EXP? + 3T) 


AVERAGE 
TIME 
(microseconds ) 


23.14 


46.06 


54.72 


63.39 


14.06 
15.56 


5.25 
3.20 
6.28 


8.28 
3.81 
5.31 


6.25 
8.25 


3.79 


5.29 


In fixed point, the second operand is used as 


the multiplier. 


multiplier. 


In short-precision floating point, the first oper- 
and fraction is used as the multiplier. 

In 32-bit long-precision floating point, the nor- 
malized first operand fraction is used as the 


BM 


In 40-, 48-, and 56-bit long-precision floating 
point, four multipliers are used: 

1. Multiplier 1 is the 32 most significant bits 
of the normalized first operand fraction. 


2. Multipliers 2 and 3 are the 8/16/24 least 
significant bits of the normalized first operand 
fraction (used twice as multiplier). 


3. Multiplier 4 is the 8/16/24 least significant 
bits of the normalized second operand fraction. 


32 bits 8, 16, or 24 bits 
A 


—— 


N lized 
Operand 1 in Multiplier 1 Multipliers 2 and 3 


1 
l : | 
| Sign + Characteristic | 
| | | 


Normalized 
Operand 2 


Multiplier 4 





co 


Hl 


Proceeding from right to left through the 
multiplier or multipliers, underline from each 
two adjacent one bits (including these) to the 
next leftmost two adjacent zero bits (excluding 
these). For example: 


10110010 10100110 11010110 01011101 


Count 2 for each underline 
plus 1 for each underlined zero 
plus I for each non-underlined one 
minus | if the leftmost bit is an underlined one. 
For example: 


3 underlines 6 
5 underlined zeros 5 
4 non-underlined ones 4 
Leftmost underlined one —] 

A=14 


A random pattern of n bits yields an average 
value of A equal to 


n 
(3n + 1—(-0.5) ), 


9 
or for specific word lengths: 


AVG VALUE OF A 


Short precision 8.11 
8 hex digits 10.77 
10 hex digits 19.11 
12 hex digits 27.44 
14 hex digits 35.77 
Fixed-point halfword 5.44 
Fixed-point fullword 10.77 


1 if the burst-mode state applies 
0 if not* 


BX = Base and indexing time 
SINGLE DOUBLE 
INDEXING INDEXING 
Basic Model 44 1.00 2.00 
With HSGR feature 0.25 1.00 


CU = Interface tag response delays in the addressed 
control unit. Minimum = 0 if fully overlapped 
with channel logic delays, maximum = 32 mi- 
croseconds on HSMPX channel.** 

EA 1 if the effective storage address is even 


0 otherwise 


EXP! = 1 if the two exponents differ 
= 0 otherwise 


EXP? = the absolute value of the difference between 
the two exponents 


EXP? = EXP? if EXP? <7 
— 7 if EXP? > 7 


EXP" = 0 if EXP? = 0 or 1 
— (EXP? — 1) if 1 < EXP? < 14 
—= 13 if EXP? > 14 


F! = lif the branch operation is successful 
= 0 otherwise 


G® = 1 if the second operand is non-zero 
— 0 otherwise 


G? = Lif the absolute value of the normalized second 
operand fraction exceeds the absolute value of 
the normalized first operand fraction 

— 0 otherwise 


H! =the number of high-order hexadecimal zeros in 
the first operand fraction 


H? =the number of high-order hexadecimal zeros in 
the second operand fraction 


H> =the number of high-order hexadecimal zeros in 
the intermediate result fraction 


H® — 1if H® <1 
= 0 otherwise 
H’ —0if H® = Oorl 
=(H-l)ifl<H<7 
= 0 if H® > 7ie., if the intermediate sum is zero 
H?? — 0if H5 = Oorl 
— (H°'—-1)ifl1<H'< 12 
= 0 if H® > 12 
H!* — 0if H® = Oorl 
—(H—1)if1< HW <14 


= 0 if H® > 14 iie., if the intermediate sum is zero 
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IFR = lif the interface-free state applies 
= Oif not*® 


LS®§ — Oif the least significant 8 bits of the normalized 
40-bit divisor are all zero 
= 1 otherwise 


LS'6 — O if the least significant 16 bits of the normal- 
ized 48-bit divisor are all zero 
= 1 otherwise 


LS*4 — O if the least significant 24 bits of the normal- 
ized 56-bit divisor are all zero 
= 1 otherwise 


MM = Delay while waiting for multiplex-mode state 
to end. Minimum = 0. Maximum = 100 for 
TCH, indefinite for HIO, SIO, or TIO.* 


OA = 1if the effective storage address is odd 
= 0 otherwise 


S = The number of bit positions of shifting called 
for 


SEL = Time to propagate select-out to the addressed 


control unit. Minimum = 0, maximum = 
17.5,"* 
T1 1 if recomplementing is required 
= 0 otherwise*** 


*See “Channel Architecture.” 

**See Component Description manual for the appro- 
priate device/control unit. 

***Tn short precision, if signs differ but exponents are 
equal, Model 44 complements the second operand. If 
signs differ and exponents differ, Model 44 comple- 
ments the operand with the larger exponent. 

In long precision, if signs differ but exponents are 
equal, Model 44 complements the first operand. If 
signs differ and exponents differ, Model 44 comple- 
ments the operand with the smaller exponent. 

Recomplementing is never required for a zero result. 


Basis of Average Timings 


Single indexing is assumed in all indexible instructions, 
except shift instructions; the variable Bx is given the 
value 1.00 (basic) or 0.25usec (high-speed registers). 
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Successful and unsuccessful branches are assumed 
to have equal probability. Even and odd effective ad- 
dresses in byte-handling instructions are assumed to 
have equal probability. 

The operands in multiplication are assumed to have 
random bit patterns; the special effect of zero oper- 
ands is ignored. 

The average value of variables entering into float- 
ing-point formulas are based on trace information: 

1. Frequency of alignment shifting for app, suB- 
TRACT, and COMPARE: 


VALUE OF EXP2 FREQUENCY 
0 42.1 
1 29.9 
2 10.9 
3 4.8 
4-6 4.2 
7-13 0.8 
>14 73 
100.0 


2. Frequency of postnormalization shifting for app 
and SUBTRACT: 


SHIFT VALUE OF H® FREQUENCY 
Overflow 0 4.35 
0 0 81.70 
1 J 6.95 
2 2 3.05 
3 3 1.15 
>4 >4 2.00 
Zero result 7 or 14 0.80 
100.00 


3. Frequency of recomplementing in app and suB- 
TRACT (assuming that complementing occurs half the 
time): 

Long precision: Because the shifted operand is com- 
plemented, recomplementing is assumed never to oc- 
cur when exponents differ; from (1) above exponents 
are the same 42.1% of the time, complementing will 
occur 21% of the time, and recomplementing will occur 
10.5% of the time. 

Short precision: Because the unshifted operand is 
complemented, recomplementing is assumed on one 
quarter of the occasions when exponents are equal 
(10.5%) plus one half of the occasions when they differ 
(28.9%): total, 39.4%. 

4, In floating-point MULTIPLY and DIVIDE, operands 
are assumed to be normalized, with post-shift required 
half the time. 


The Model 44 uses the System/360 1/o interface. Com- 
mand and data chaining are provided, as are all Sys- 
tem/360 1/o instructions and channel commands and 
functions. All 1/o operations overlap with processing. 

The 1/o control section consists of two parts, both 
physically integrated with the cru: (1) the multiplexer 
(mpx) channel, and (2) the one or two high-speed 
multiplexer (Hsmpx) channels. At least one channel 
must be installed, but the channel types are optional. 
The 1/0 equipment attachable to each channel is 
shown in Figure 9. 

In the mpx channel, the information associated with 
a subchannel is kept in the extension of processor 
storage; in the Hsmpx channels, this information is kept 
in the sLT registers associated with the high-speed 
channels. One set of s.r registers is provided for each 
HsMPX subchannel (see “Subchannels”). 

On any given channel operating in multiplex mode, 
the number of 1/o devices that can transfer data simul- 
taneously depends on: 

1. The speed of the devices, 

2. The maximum aggregate data transfer rate of the 
channel, 

3. The use of chaining and transfer-in-channel (TIC) 
commands, 

4, The number of subchannels composing the 
channel, 

5. The number and type of 1/o devices attached (via 
control units) to the channel. 


Speed of Devices 


Refer to the 1/o device descriptions in IBM System/360 
System Summary, Form A22-6810, or the 1/o device 
publications listed in IBM System/360 Bibliography, 
Form A22-6822. 


Data Transfer Rates 


The data transfer rate of a single channel is not nor- 
mally a limiting factor for devices operating in multi- 
plex mode. However, the time available for data 
transfers on one channel (particularly the mpx) is de- 
creased when any other channel is working. (See 
“Cross-Channel Interference.” ) 


Chaining and TIC 


The use of chaining and Tic commands increases the 
amount of cross-channel interference. 


Channels 


Subchannels 


In the case of the mex channel, the number of sub- 
channels depends on the capacity of processor storage. 


BYTES WORDS SUBCHANNELS 

32,768 8,192 32 

65,536 16,384 64 
131,072 32,768 64 
262,144 65,536 64 


Each usmpx channel equips the Model 44 with one 
high-speed subchannel; moreover, up to three addi- 
tional high-speed subchannels can be installed in each 
usMpx channel. Thus, the system maximum is eight 
HSMPXx subchannels and 64 mpx subchannels. 


Control Units and Devices 


Up to eight control units can be attached to the Mpx 
channel, and two control units can be attached for 
each HSMPx subchannel. The figure of two control 
units per HSMPx subchannel may vary as explained in 
item 5 in “Addressing” but the system maximum is 24 
control units: 16 attached to high-speed subchannels 
(eight on each HsMpx channel) and eight attached to 
the mpx channel. In the following examples the con- 
sole printer-keyboard and single-disk storage drive(s) 
require a total of two control-unit positions and two 
subchannels on the Mpx channel, or two control-unit 
positions and one subchannel on the HsmMpx channel. 

Examples: If 63 mMpx subchannels are in use for 1/o 
devices or communication lines that are controlled via 
seven control units, the 64th subchannel is still avail- 
able to attach a control unit (such as a tape control). 
To take another case, if an 13m 2702 Transmission Con- 
trol that is to control 31 lines is attached, it would tie 
up 31 mpx subchannels. That would leave up to 33 
subchannels or seven control units, whichever limit is 
reached first, for the use of other 1/o devices attached 
via the mpx channel. In either case, the psmpx channel 
capabilities remain available: up to eight control units 
for 1/o devices per HsMpPx channel. A system maximum 
of 72 devices (one for every Mpx and HsMpx sub- 
channel) may, if permitted by device and channel 
speeds, transfer data simultaneously. 


Shared Subchannels 


As in other models of the System/360, the first eight 
subchannels on the mpx channel are called shared sub- 
channels. Thus, addresses 0 and 128-143 may refer to 
the same subchannel; however, devices cannot be in- 
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with Exclusive Models 





1053 
1403 
1442 
1442 
1443 
1800 
1827 
2250 
2250 
2250 
2260 
2260 
23171 
2401 


2401 
2401 
2402 
2402 


2402 


2804 
2804 
2816 


2821 
2821 
2821 
2822 
2840 
2840 
2841 
2848 


Model Name 


Printer 
Printer 
Card Read Punch 
N2 Card Punch 
NI Printer 
Data Acquisition and Control System 
Data Control Unit 
Display Unit 
Display Unit 
Display Unit 
Display Station 
Display Station 
Disk Storage Drive 
Magnetic Tape Unit 


Magnetic Tape Unit 
Magnetic Tape Unit 
Magnetic Tape Unit 
Magnetic Tape Unit 
Magnetic Tape Unit 


Magnetic Tape Unit and 
Control 

Magnetic Tape Unit and 
Control 

Magnetic Tape Unit and 
Control 

Card Reader 

Card Read Punch 

Card Punch 

Card Read Punch 

Paper Tape Reader 

Data Adapter Unit *** 
Transmission Control *** 
Tape Control 

Tape Control 

Tape Control 

Tape Control 

Switching Unit 


Control Unit 
Control Unit 
Control Unit 
Paper Tape Reader Control 
Display Control 
Display Control 
Storage Control 
1-3 Display Control 


Attaches to 
Channel Via 


2848-1-3 
2821-1,2,3,5 


2840-1 

2840-2 

2848-3 

2848-1 ,2 

2841 

2803-1,2, or 2804-1,2, or 
2403-1-6, or 2404-1-3 
2803-2, or 2804-2, or 
2403~4-6 

2803-2, or 2804-2, or 
2403-4-6 

2803-1,2 or 2804-1,2 or 
2403-1-6, or 2404-1-3 
2803-2, or 2804-2, or 
2403-4-6 

2803-2, or 2804-2, or 
2403-4~6 


2821-1,5 
2822 


Control Unit 
Type 


Single Path 
Single Path 
Single Path 
Multipath 

Single Path 


Shared Path 
Shared Path 
Shared Path 


Single Path 
Single Path 
Single Path 


Multipath 
Multipath 
Shared Path 
Shared Path 
Shared Path 
Shared Path 


Multipath 

Single Path 
Multipath 

Single Path 
Shared Path 
Shared Path 
Shared Path 
Shared Path 


Attaches to Model 44 
Via (Channel Type) 


~ 


. % ~ 
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See 2401-1-3, 2402-1-3 

See 2401-1-6, 2402-1-6 

See 2401-1-3, 2402-1-3 

See 2401-1-6, 2402-1-6 

See 2401-1-6, 2402-1-6, 
2403-1-6 

See 1403-2,3,7,N1, 2540 

See 1403-2,3,7,N1 

See 1403-2,3,7,N1 

See 2671 

See 2250-2 

See 2250-3 

See 2311 

See 2260-1,2 


See footnote **** 


Single Path 
Single Path 
Shared Path M,H 

Single Path See 1800 


Channel-to-Channel Adapter 

Console Printer-Keyboard* CPU Adapter 
Single-Disk Storage Drive* CPU Adapter 
System/360 Adapter --- 





* Standard feature of Model 44, 
** System/360 adapter is installed in the 1826 Data Adapter Unit of the attached 1800 system. The 1827 permits attachment of 1800 process 


\/O equipment without use of an 1801 or 1802 Processor-Controller. 
*** Used to attach a wide variety of teleprocessing systems or terminals, process control devices, and non-IBM communication equipment and 


(with 2701) data communication devices. See !BM System/360 Data Communications and Acquisition Configurator, Form A22-6824, also 
2701 or 2702 in IBM System/360 Bibliography, Form A22-6822, 
***%* Channel-to-channel adapter, installed in Model 30, 40, or 50 CPU or in a 2860 Selector Channel, can provide high-speed intersystem 


communication. 


M = Multiplexer channel 

H = High-Speed Multiplexer Channel 

H1 = First High-Speed Multiplexer Channel 

Single Path Qnly one device is associated with the control unit. 


Shared Path = Only one attached device at a time is in a data-transferring operation. When attached to M, a shared subchannel may be used; 


where more than 16 devices can be attached (e.g., the 2848-3), a second shared subchannel is used. Where H is specified, 
the equivalent sharing capability of its subchannels is used. 
Multipath = Attached devices are in data-transferring operations simultaneously. When attached to M, each device requires one nonshared subchannel. 


®Figure 9. Device Attachment Data 
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stalled for both the single address and the set of 16 
addresses in the same system. (Likewise, either 7 or 
241-256, but not both in the same installation.) All 1/o 
devices are attached to a channel via a control unit, or 
its equivalent in the form of an adapter in the cpu or a 
control section within the device; this control unit can 
be described as one of three types: “shared path,” 
“single path,” or “multipath.” A shared subchannel may 
be assigned at the time of installation to only one of 
the three types: 

1. A “Shared-Path” Control Unit: In this case, up to 
16 devices can be addressed by the subchannel, of 
which one device at a time can be in a data-transfer- 
ring operation, although all other devices attached 
through the same shared-path control unit can be en- 
gaged in free-running operations such as tape re- 
winding. 


EXAMPLES OF SHARED-PATH CONTROL UNITS 


IBM 2841 Storage Control 
IBM 2803 Tape Control 
Single-Disk Storage Drive Adapter (adapter acts as control ) 


2. A “Single-Path” Control Unit: The subchannel is 
associated with a single eight-bit device address. 


EXAMPLES OF SINGLE-PATH CONTROL UNITS 


IBM 1442 Card Read Punch Model N1 (has internal control) 
IBM 2822 Paper Tape Reader Control 


3. One Path of a “Multipath” Control Unit: The sub- 
channel is associated with a single eight-bit device 
address. (Exceptionally, two or more addresses in a 
block of 16 addresses may be assigned to 15m 1827 
Data Control Unit functions. ) 


EXAMPLES OF MULTIPATH CONTROL UNITS 


IBM 2821 Control Unit Model 1, 3, or 5 
IBM 1827 Data Control Unit 
IBM 2701 Data Adapter Unit 


Addressing 

The addressing of shared and non-shared subchannels 
and devices is done within the general architectural 
rules defined in the “Input/Output Device Addressing” 
section of IBM System/360 Principles of Operation, 
Form A22-6821. Specifics for the Model 44 follow. 

Of the 11 bits of addressing that specify the chan- 
nel, subchannel, and device to be used in an 1/o 
operation, the three high-order bits are assigned to 
specify the channel as follows: 

000 — mpx channel 

001 — usmpx channel 1 

010 — usmpx channel 2 

The eight low-order bits specify the subchannel and 
the device: 


For Shared MPX Subchannels, indicated by 1 in 
the high-order position: 1 xxx yyyy (xxx specifies one 
of the eight subchannels that can be shared; yyyy spec- 
ifies one of the 16 devices using subchannel and control 
unit xxx). If a shared subchannel is to be used as a 
non-shared subchannel and associated with a single 
device address instead of a set of 16, the subchannel 
address is at the right in the following table. Either 
address may be chosen, but the unused alternative 
must be left unassigned. 

SUBCHANNEL 


DEVICE ADDRESS FOR SHARED MPX 
Non-Shared Use 


NOH WNF © 





ndicated by 0 
in the high-order position: 0 Oxx xxxx (xx xxxx specifies 
one of the non-shared subchannels and its control unit 
and device — up to 64 subchannels, depending on proc- 
essor storage size, less the number of subchannels 
being used as shared subchannels). 





FOR NON-SHARED MPX SUBCHANNELS 
( All Model 44’s ) 8-31 
(Not Model E44) 32-63 


For HSMPX Subchannels, all having the shared ca- 
pability: 1 hhe xxxx (hh specifies one of the four 
possible Hsmpx subchannels on that channel and c 
distinguishes between the two control-unit data paths 
on that subchannel. Where 1 hhc identifies a shared- 
path control unit, xxxx is used to specify one of the 
16 attached devices. Where 1 hhc identifies either a 
single-path control unit or one path of a multipath 
control unit, only one value of xxxx is significant be- 
cause the unshared data path assumes a single eight- 
bit device address. ) 


DEVICE ADDRESS SUB- 


FOR ALL HSMPX CHANNEL ASSIGNMENT EXAMPLE 





1880 xxxx A 1827 — Ist of two digital inputs* 

I XXXX 2848 — Ist sixteen 2260’s (1-16) 

1 XXXX B 2701 — Ist of two adapters 

1 XXXX 1827 — Ist of three analog inputs** 
1 XXXX Cc 2701 — 2nd adapter 

1 XXXX 1827 — 2nd analog input 

1 XXXX D 2848 — remaining eight 2260’s 

1 XXXX (17-24) 


1827 — 3rd analog input 
1827 — 2nd digital input 
1827 — digital/analog output 
*Requires more than one 1827 (only one digital input per 1827). 
**A full analog input function requires three device assign- 
ments for the same analog input function. 
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The results or ramifications of several addressing 
facts are demonstrated by the last example: 

1. Although the 1827 is not a shared-path control 
unit, a device attached to an 1827 may share a block 
of 16 addresses with other devices so attached, but 
not with any non-1827 device. 

2. Analog input basic features, attached via 1827's, 
must be assigned to different subchannels. 

3. If 1827 digital input or digital/analog output 
devices must operate at the same time as analog input, 
they must be assigned a different subchannel; however, 
if they need not operate simultaneously and independ- 
ently, they may not only share a subchannel with one 
of the analog input devices, but they may also share a 
block of 16 addresses with one of the analog input 
devices. 

4, Assignment of 2260 Display Stations 17-24 to a 
second HsMpx subchannel (rather than to the second 
control-unit position on the same subchannel) can be 
done to permit other devices to be spread over more 
subchannels. If all 2260’s had been assigned to sub- 
channel 0 in the preceding example, the 1827 devices 
could not have been assigned according to items 2 
and 3. 

5. On an usmpx subchannel, each device address 
associated with a non-shared-path control unit falls in 
a separate and non-shared block of 16 addresses. 
Multipath control units such as the 2701 and 2821 
usually need more than one such block of 16, reducing 
the number of attachable control units to less than two 
per subchannel. The 1827, however, is unique: two or 
more 1827’s may share the same block of 16 addresses 
and increase the number of attachable control units to 
more than two per subchannel. 


Burst Mode 


Burst mode is a method of operation forced by many 
control units and adapters for high-speed synchronous 
devices; it is not under the control of the programmer. 
For example, magnetic tape control units, the 1BM 
2841 Storage Control, the single-disk storage drive 
adapter, and the 18m 2840 Display Control, all force 
burst mode. 

In burst mode, either type of multiplexer channel 
(MPX or HSMPX) operates similar to a selector channel, 
which has only one subchannel. Only one device at a 
time communicates with the cpu via the particular 
channel, but communication is at a higher maximum 
data rate than in the multiplex mode and (in the case 
of the mpx channel) the interference with cru opera- 
tion, per byte of 1/o data transferred, is reduced. 

Control units (or equivalent adapters for devices ) 
that force burst mode are listed under “Cross-Channel 
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Interference” (see items 4 and 5 of “Type I Inter- 
ference” ). 


Multiplex Mode 

In multiplex mode, each channel can concurrently 
sustain one data-transferring 1/o operation per sub- 
channel, provided that the aggregate data rate does 
not exceed the channel capacity. Thus: 

1. The mpx channel may be capable of simultaneous 
communication with as many 1/o devices as can be 
attached to it (up to 64, via no more than eight con- 
trol units). 

2. Each Hsmpx channel may be capable of simul- 
taneous communication with as many 1/o devices as 
there are subchannels in that channel (up to four). 


Channel Architecture 
The following description of the interface states of 
Model 44 channels amplifies information in other 1nM 
publications* but does not imply incompatibility with 
other models of the System/360. 

For simplicity, the phrase “multiplexer channel” is 
used to apply equally, in this section, to the mpx and 
HSMPXx channels. 


States of the 1/O Interface 


The interface of a Model 44 channel is at any time 
in one of three states: 


Interface free IFR 
Interface working in multiplex mode M™M 
Interface working in burst mode BM 


Interface Free (IFR): In the basic Model 44, IFR is 
logically defined as: (not operational in) aNpD (not 
request in) AND (no channel-initiated communication 
sequence is taking place over the interface) AND 
(channel delay complete). Briefly, no control-unit se- 
lection or channel-initiated operation exists or is re- 
quired on the interface and the channel’s 400-nano- 
second internal delay following a communication se- 
quence is completed. 

If the priority interrupt feature is installed, FR is 
defined as: (not operational in) AND (no channel- 
initiated communication sequence is taking place over 
the interface) anv (channel delay complete) aNnp [(not 
request in) or (priority interruption requested and en- 
abled )]. The state 1FR is created in two ways: 

1. The same conditions exist as given for the basic 
Model 44, provided that no enabled priority interrup- 
tion request exists. 


*IBM System/360 Principles of Operation, Form A22-6821, and 

IBM System/360 I/O Interface — Channel to Control Unit, 
Original Equipment Manufacturers’ Information, Form A22- 
6843. 


2. The cpu is attempting to select the channel to 
execute an 1/o instruction, no control-unit selection or 
channel-initiated operation exists on the interface, the 
channel’s internal delay is timed out, and a priority in- 
terruption request exists at any enabled level. Under 
these conditions, request in is ignored in an attempt to 
create IFR as soon as possible. 

As a rule in the System/360 channel architecture, 
a new 1/o operation can be started only after the 
channel has serviced all outstanding requests for data 
transfer from devices previously placed in operation. 
Installation of the priority interrupt feature causes 
Model 44 to differ only in this way: when a priority 
interruption is requested while the cpu is attempting 
to execute an 1/o instruction, the 1/o operation is 
started as soon as possible (in order to release the cpu 
for the interruption) even if there are outstanding re- 
quests for data transfer. 

Note: The priority interrupt feature is described in 
Data Acquisition Special Features for the IBM Sys- 
tem/360 Model 44, Form A22-6900. 

Interface Working in Multiplex Mode (MM): This 
state is defined as the absence of states 1rR and BM. 
Either one of the interface signals, request in or opera- 
tional in, must be present, or the channel must be in 
the process of selecting a device. Because any of these 
conditions may also be present in state BM, they do not 
define state MM. 

Interface Working in Burst Mode (BM): A multi- 
plexer channel runs a timer whenever the operational 
in line is up or command chaining is in process after 
device end. The timer is reset on the fall of opera- 
tional in, unless command chaining is indicated in 
response to the device end. The Bm state exists when 
the value of the channel timer exceeds 100 micro- 
seconds (nominal). In other words, every selection of 
a control unit on the interface is monitored by the 
channel, and, for the first 100 microseconds of every 
selection, the channel is in the Mm state but thereafter 
is in the BM state. . 

Note: For any multiplexer channel, a direct transi- 
tion from state FR to state BM cannot occur; all other 
transitions can occur. 


Forcing Burst Mode 


Devices such as tapes and disks “force burst mode.” 
Such devices, having established a logical connection 
with a channel, usually stay connected for the duration 
of data transfer, thereby forcing the channel to reach 
the BM state. The Bm state does not exist for multi- 
plexer channels during the first 100 microseconds of 
an interface sequence, and does not necessarily extend 
| until the device presents the ending status. The device 


may drop off for a time between data transfers before 
presenting ending status. 

A multiplexer channel may appear to be in burst 
mode as a result of command chaining. More spe- 
cifically, the channel keeps its timer running between 
the acceptance of device-end status, with command 
chaining indicated, and reselection for the chained 
command; and if the selection lasts for more than 100 
microseconds, the channel enters the BM state. 

The significant differences between a multiplexer 
channel and a selector channel are: 

1. Selector channels have only the interface states 
IFR and BM. 

Multiplexer channels have the additional state mm. 

2. Although all channels act to force burst mode, 
in effect, between device end and reselection for com- 
mand chaining, a selector channel also creates the BM 
state (its only active state) by keeping the select-out 
interface line in the up state from the time of selection 
until channel end — and, if command chaining is in- 
dicated with channel end, from selection through 
channel end to device end. 

A multiplexer channel cannot do this. 

3. A selector channel cannot be simultaneously in 
the interruption-pending state (as the result of status 
provided by the device) and in the BoM state. 

A multiplexer channel can be. 

Note: Both types of channels, while transferring 
data in burst mode, can be in the interruption-pending 
state if the pct flag is set and signals for program-con- 
trolled interruptions. 


Multiplexing Devices 


“Multiplexing” devices cannot force burst mode; they 
are designed to complete an interface sequence in 
less than about 32 microseconds. It is possible, how- 
ever, for several sequences of a multiplexing device to 
become joined by command chaining; and if the joined 
sequences last for 100 microseconds, the BM state is 
forced even though the device is of the multiplexing 


type. 


Programming Aspects 


The following points apply to overlapped Model 44 
multiplexer channels. 

1. The instructions sTART 1/0, TEST 1/0, and HALT 1/o 
cannot be executed by a Model 44 channel in the mm 
state; if such an instruction is fetched by the cpu while 
the addressed channel is in the MM state, the cpu must 
wait until the state changes to FR or BM. Unless an 
enabled priority interruption request is received, there 
is no logical limit to the duration of the Mm state; but 
a duration of more than 100 microseconds is statis- 
tically improbable with any 1/o configuration. 


Channels 33 


Note: An interruption request signal, whether from 
the priority interrupt feature or the standard inter- 
ruption system, is often called an “interrupt.” This 
provides a distinction between a request signal and 
(after the interrupt has been accepted) the actual 
performance by the cru of the procedure known as 
the “interruption.” 

2. Because interface states can change unpredic- 
tably, the programmer aware of the present state of a 
channel cannot foresee its state in the immediate 
future. In particular, when a unit-check condition ap- 
pears in a csw, there is no warranty that the interface 
will immediately be free (1FR) for a sense command. 
A condition code 2 (channel or subchannel busy) is 
not an unusual response to a sTART I/O instruction 
where the first command is a sense. 

3. A channel scheduler that queues an 1/o request 
after receiving condition code 2 cannot rely on a chan- 
nel-end 1/o interrupt to signal the end of the Bm state; 
the time when this interrupt will occur is not always 
predictable. 

The generation of condition code 2 indicates that 
some device is working; therefore, that a channel- 
end interrupt must eventually occur unless a system 
reset occurs first. With most devices the channel-end 
interrupt occurs soon enough to avoid seriously delay- 
ing the cpu or causing the channel scheduler to appear 
inefficient. However, during a manual input operation 
the console printer-keyboard may take several seconds 
to present channel end; more importantly, a 2701 or 
2702 executing an enable command can take an in- 
definite time before presenting channel end. Therefore, 
it is possible, though unlikely and entailing an unusual 
command chaining sequence, for the 2701, the 2702, or 
the printer-keyboard to (1) create the Bm state, (2) 
cause an 1/o request to be queued by the channel 
scheduler, then (3) delay channel-end status. 


Channel Interference 


The Hsmpx subchannels delay the cpu about 0.5 micro- 
second per byte of data transferred. The following 
cause this figure to increase: 
Use of data chaining 
Use of T1c commands 
Use of the pct flag to cause program-controlled in- 
terruptions (Pcr's). 

The mpx channel operating in burst mode delays 
the cpu about 1.0 microsecond per byte of data trans- 
ferred; data chaining, TIC commands, and pcr’s increase 
this figure. The mpx subchannel operating in multi- 
plex mode delays the cpu up to 5 microseconds per 
byte. This figure increases if data chaining, TIc com- 
mands, or Pct’s are used; it decreases if the 1/o device 
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control unit sends more than one byte at a time in 
multiplex mode. 

HSMPX data accesses to processor (main) storage 
are for halfwords, at 1 microsecond each, unless the 
specification of the channel command word (ccw) 
data address forces a 1-microsecond access for a single 
byte at the beginning or end of a logical record. 

MPx data accesses to main storage are for single 
bytes at 1 microsecond each. As indicated in the 


‘following table, 4 microseconds are added when op- 


eration is in multiplex mode: this accounts for two 
l-microsecond accesses when the control unit gains 
selection, and two more when the control unit discon- 
nects from the interface. 

Because a storage access by a channel does not stop 
the compute clock unless it causes the cpu to wait 
for a storage cycle, channel interference is slightly 
less than the following (in microseconds): 


MPX HSMPX 
(MULTIPLEX (BURST 
MODE ) MODE ) 
For Data 
Group of n bytes 
per selection 4+n 
Per byte 1 
Per two bytes 1 
Chaining (per link) 
Command chaining 8 4 4 
Data chaining 4 4 4 
TIC (per command) 2 2 2 


Cross-Channel Interference 


This is either intrachannel or interchannel interference, 
and is caused by contention among 1/o devices. It is 


of two types: 
TYPE CAUSE 
I The devices are on the same MpPx or HSMPX 
channel and are contending for use of the 
interface. 
II The devices are on different channels and 


are contending for access to storage. 
Type II interference is significant, and type I inter- 
ference is normally insignificant. 


Type I Interference 


Type I (interface) interference is insignificant when 
the devices’ control units have the following normal 
priority arrangement: 

1. Synchronous Unbuffered Multiplexing Devices: 
The devices in this group should be arranged in the 
order of increasing waiting time, with those having 
the fastest character rate placed first. 


1442-N1 Card Read Punch used to read and punch concurrently 
2501-B1, B2 Card Reader 
2520-B1 Card Read Punch used to read and punch concurrently 
2702 Transmission Control 


2. Synchronous Buffered Multiplexing Devices: The 
devices in this group should be arranged in the order 
of increasing waiting time, with those having the fast- 
est character rate placed first. 


2520-B1 Card Read Punch used to punch only 
2520-B2, B3 Card Punch 


3. Asynchronous Buffered Multiplexing Devices: To 
permit the devices in this group to run at their max- 
imum character rates, they should be arranged in the 
order of increasing waiting time, with those having the 
fastest character rate placed first. 
1443-N1 Printer 
1827 Data Control Unit 
2821-1,2,3,5/1403-2,3,7,N1 Control Unit and Printer 
2821-1,5/2540 Control Unit and Card Read Punch 
2822/2671 Control Unit and Paper Tape Reader 

4. Burst-Mode Devices Time-Dependent on Com- 
mand Chaining: 

2701 Data Adapter Unit 
2841//2311-1 Storage Control and Disk Storage Drive 
5. Other Burst-Mode Devices: 


2250-1 Display Unit 

2400-series Magnetic Tape Units and Controls 
2840-1/2250-2 Display Control and Display Unit 
2840-2/2250-3 Display Control and Display Unit 
2848-1,2/2260-2 Display Control and Display Station 
2848-3/2260-1 Display Control and Display Station 
2848-1,2,3/1053-4 Display Control and Printer 
Channel-to-Channel Adapter on other System/360 
Single-Disk Storage Drive 

System/360 Adapter on 1800 system 


6. Asynchronous Unbuffered Multiplexing Devices: 


1442-N1 Card Read Punch used to punch only 
1442-N2 Card Punch 
Console Printer-Keyboard 

Note: Critical time (waiting time) directly concerns 
only the synchronous multiplexing devices (whether 
buffered or unbuffered) in priorities 1 and 2, but is 
also of indirect concern to the asynchronous buffered 
multiplexing devices in priority 3. 

The critical time before overrun can occur is con- 
stant for any device, regardless of the channel to which 
it is attached; the shortest critical time (waiting time) 
for any device attachable to Model 44 is the 800 micro- 
seconds of the 1442 Card Read Punch. 

The duration of multiplex-mode bursts on the chan- 
nel interface is, however, much less than this shortest 
critical time. A sequence lasting more than 32 micro- 
seconds is exceptional, and will not occur under nor- 
mal programming (see note). 

For example, the interface time to transfer a burst 
of four bytes to a 1403 printer, with data chaining 
every byte, is unlikely to be more than 40 micro- 
seconds; and command chaining with No-op, command 
immediate, and Tic is unlikely to take more than 50 
microseconds with any device. It is almost impossible 


to create enough type I interference to add up to 800 
microseconds and cause overrun of a byte-multiplexing 
device on a Model 44 channel. Even with eight 1442’s 
on a channel, all using Tic and data chaining, an over- 
run cannot be created. 

Nore: Normal programming is stipulated only be- 
cause a sequence of 20 No-op commands, chained to 
each other, can be specified if an overrun must be 
forced. A channel program without unnecessary NoO- 
OP’s cannot cause type I overrun. 


Type Il Interference 


Devices sensitive to type II interference (contention 
for storage) are the unbuffered burst-mode devices; 
multiplexing devices are affected only insignificantly. 

Overrun occurs if a channel cannot obtain its re- 
quired storage accesses in the time permitted by the 
device, or more specifically in the portion of that time 
left available by an interfering channel. The total time 
depends on the actual speed of the device, and the 
time required for data transfers by a given channel are 
shown under “Channel Interference.” It is necessary to 
establish the probability of obtaining this time when 
there is contention for storage. 

A channel may fail to obtain consecutive storage 
cycles because of contention. Even when there is no 
contention for storage, however, the channel may fail 
to obtain or even to request consecutive storage cycles; 
this can occur when the channel is transferring data 
(as opposed to fetching a ccw), and happens for one 
of the following reasons: 

1, When operating with a relatively low-speed 1/o 
device, the channel does not request consecutive stor- 
age cycles because it cannot go faster than the device. 

2. When operating with an extremely high-speed 
device, the channel may be unable to obtain consecu- 
tive storage cycles for the simple reason that the chan- 
nel (which in this case would logically be the Hsmpx 
channel) cannot request its two-byte storage accesses 
more often than about once each 2 microseconds. 

When consecutive storage cycles are demanded by 
the channel but are not obtained, the demands are al- 
ways honored in subsequent cycles. In the high-speed 
case, excessive delay in obtaining the storage cycles 
may result in overrunning the device. 

The amount of type II cross-channel interference 
depends on how often the interfering channel can de- 
mand storage cycles: its “demand rate.” 

The Demand Rate for steady-state data transfers in 
burst mode is set by the 1/o device. The mMpx channel, 
transferring one byte of data per storage access to or 
from a 90kb device such as the single-disk storage 
drive, demands a storage access every 11 microseconds 
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(or perhaps every 10 microseconds if the device oper- 
ates well above its nominal speed ). An HSMpPx channel, 
transferring two bytes of data per storage access to or 
from a device of 90kb nominal speed, demands a stor- 
age access every 22 microseconds (for worst-case cal- 
culations, every 20 microseconds). If the device is 
indefinitely fast (e.g., a Model 65 connected via a 
channel-to-channel adapter), the demand rate of the 
Model 44 channel is limited only by interface and 
channel logic delays: the Hsmpx can demand a storage 
cycle about every 2 microseconds (as stated previ- 
ously ), and the Mpx can demand a storage cycle about 
every 2.5 microseconds. Contention for storage pre- 
vents any of these maximum demand rates from being 
sustained. 

Effects of Data Chaining on Demand Rate: During 
a storage data cycle, a channel decrements its count. 
If the count reaches zero and data chaining is indi- 
cated, the channel demands four consecutive storage 
accesses to fetch a new ccw. (This demand becomes 
effective too late to obtain the first storage cycle that 
follows the data transfer cycle.) If a tic ccw is de- 
tected, two additional cycles are demanded, for a total 
of six ccw cycles. Accordingly, the maximum demand 
rate of a channel during chaining is about 7.5 micro- 
seconds for seven cycles. (The extra 0.5 microsecond is 
the minimum time to obtain a storage access to fetch 
the new ccw. ) 

In multiplex mode, different subchannels may initi- 
ate data-chaining requests at 3-microsecond intervals; 
at the extreme, therefore, a single channel using data 
chaining with several devices can demand an indefinite 
number of consecutive storage cycles. 

Priority Among Contending Channels: Only one 
HSMPX subchannel at a time can demand a ccw fetch 
cycle. The following priority scheme makes use of this 
fact to guarantee the Mpx channel — if it is running 
in burst mode — a minimum frequency of storage 
accesses. 

I. HsmpPx1 and HsMpx2 data cycles (alternating in 
top priority ). 

2. HsMPX, cycles for bits 0-15, 32-47, and 48-63 of a 
ccw (first, third and fourth quarters). 

3. MPx, data cycles in burst mode. 

4, usmpx, cycles for bits 16-31 of a ccw (second 
quarter). 

5. MPX, data cycles in multiplex mode and Mpx 
ccw cycles. 

Demonstration of Priority: Let the first psmpx chan- 
nel be data chaining with Tic in burst mode. Let the 
second HsMpPx channel be data chaining on two sub- 
channels in multiplex mode. Let the Mex channel be 
operating in burst mode without data chaining. Then, 
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with asterisks indicating when a subchannel is wait- 
ing for a storage cycle, a typical sequence of obtaining 
storage cycles is as follows: 









HSMPx1 HSMPX2 MPX 
(SUBCHANNEL 0) (SUBCHANNEL 2) 
& * 
bl data 
data 


CCW Ist % 
2 % 

: e data 
° ° CCW 2nd & 

° CCW 3rd 1 

‘ 6 CCW 4th % 

TIC CCW Ist OS 


TIC CCW 2nd % 
CCW Ist % i 


Ld 
1 & 
‘ ita data 
CCW 2nd %& * * 
* — data 
CCW 3rd % ss 
* 


CCW 4th 4 


ec. bd 
CCW Ist % 


CCW 2nd & 
* CCW 3rd % 


tate 
CCW 4th %4 ” 
* 


data 


Estimation of Storage Access Delay: It requires 0.5 
microsecond to obtain a storage access when there is 
no contention. If storage is busy at the time of the re- 
quest, it may take up to 2 microseconds longer; in par- 
ticular, execution of the Lpsw instruction involves a 
2-microsecond use of storage during which channel 
break-in is not permitted. 

HSMPX burst-mode data cycles can be held off for 
2.5 microseconds, when two HSsMpPx channels make a 
simultaneous request of this type, one of them may 
be held off for 3.5 microseconds. 

When a subchannel (either mpx or HsMPx) is fetch- 
ing a CCw, or waiting for a ccw to be fetched, no data 
transfer for that subchannel is permitted. The channel 
does not accept input bytes from a device until the 
new ccw has been entirely fetched and checked for 
possible program errors (such as a zero count field). 
When both usmpx channels request ccw fetching, one 
of them will obtain the four or six ccw cycles ahead of 
the other. The time for Hsmpx data chaining is thus 
seriously limited, especially in multiplex mode, by the 
demand rate of other Hsmpx subchannels. 

In estimating the data-chaining performance of 
HSMPx1 in burst mode, a hold-off of 6 microseconds 
should be included if Hsmpx2 is working, on the 
grounds that command chaining with Tic must be 


allowed on usmpxe. If mpx is working in burst mode, 
an allowance should also be added for mpx data cycles. 

Several byte-multiplexing devices working on one 
HSMPX channel can hold off a burst-mode ccw fetch on 
the other Hsmpx channel for an estimated 15 micro- 
seconds, but an overrun caused by this unusual dura- 
tion would almost certainly be recoverable by a retry 
at the device associated with the overrun. 

The mpx channel can be held off from multiplex- 
mode data cycles or ccw cycles (these having fifth and 
lowest priority) for extended periods by Hsmpx activ- 
ity. An Mpx data request in burst mode has third pri- 
ority, however, and cannot be held off for more than 
about 6 microseconds by Hsmpx channels, as deter- 
mined by the probable worst-case sequence of HSMPx 
demands: 

ccw 2nd & 
data 
cow 3rd % 
ccw 4th % 
ccw Ist % 
data 

MPx data chaining is heavily exposed to hold-off by 
HsMPx channels. 

Channel Buffering: The mpx channel has no data 
buffering, and the entire time for a storage access, in- 
cluding hold-offs by Hsmpx channels, must be allowed 
between adjacent bytes received from or sent to an 
1/o device via the mex channel. 

Each usmpx subchannel has a two-byte data register 
and a single-byte interface register. These registers 
provide, in effect, one byte of data buffering during 
normal data transfer; therefore, the worst-case delay 
in obtaining a storage cycle can in practice be spread 
over two byte cycles of the device as in the following 
example. 


SUBCHANNEL SUBCHANNEL 
DEVICE OFFERS INTERFACE DATA STORAGE 
DATA REGISTER REGISTER ACCESS 
CONTENTS CONTENTS 
byte 1 
byte 1 
byte 1 
1 
1 
byte 2 1 
byte 2 1 
bytes 1, 2 requested 
1,2 
1,2 
byte 3 1,2 
byte 3 1,2 
3 1,2 
3 1,2 
3 1,2 
byte 4 3 1,2 


SUBCHANNEL SUBCHANNEL 
DEVICE OFFERS INTERFACE DATA STORAGE 
DATA REGISTER REGISTER ACCESS 
CONTENTS CONTENTS 
3 1, 2 
3 obtained 
byte 3 
byte 4 3 
byte 5 bytes 3, 4 requested 
byte 5 obtained 
byte 5 


Note: When data chaining is indicated, no further 
bytes are accepted into the interface register; hence, 
ccw accesses must be obtained between adjacent bytes 
from the device. 

The usmpx channels provide no buffering when data 
chaining is used; the time for data chaining, including 
any storage hold-offs, must be allowed between adja- 
cent bytes at the interface. 

In all cases, buffering in the 1/o control unit can re- 
lieve the timing limitation at the channel. 

Maximum Safe Data Rates: Figure 10 combines the 
above principles with 1/o control-unit buffering infor- 
mation to estimate the types of 1/o devices that are 
either safe from overrun or may overrun. 

“Safe” means that overrun should not be expected; 
it is logically possible but abnormal, and should not 
recur on a retry. 

Note: For the Hsmpx channel, some combinations 
labelled safe can overrun if data chaining is used to 
link single-byte logical records: byte, chain, byte, 
chain, etc. — an inadvisable method of programming. 

“May overrun” means that overruns should be ex- 
pected; the frequency, and the likelihood of successful 
recovery on retry, can be estimated by using the prin- 
ciples described. 


Multisystems 
The channel-to-channel adapter is not presently avail- 
able for the Model 44; multisystems composed exclu- 
sively of Model 44’s permit communication among 
processing units via shared 1/o devices only. However, 
Model 44 can be connected to any other model of the 
System/360 that has the channel-to-channel adapter 
feature or to an 18M 1800 Data Acquisition and Control 
System that has a System/360 adapter; either kind of 
adapter can then be brought into play to provide faster 
transmissions between systems. The adapter takes one 
control-unit position of an MPx or HSMPx channel. 

The transmission rate from channel to channel is 
limited by the maximum data-transfer rate of the 
lower-speed channel. 

The channel-to-channel adapter operates in burst 
mode; therefore, it cannot operate simultaneously with 
another unit on the same channel. 
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HSMPX CHANNEL 


A magnetic tape (240x) or direct-access (2311 or SDSD*) operation is "Safe" from overrun or "May Overrun," depending on (1) whether 
the operation uses data chaining, and (2) the condition of the other channels. 


Condition of 
Other Channels 


Not Working 
or 
Not Installed 


MPX Only 
Working 


Other HSMPX Only 
Working 


Both MPX and 
Other HSMPX 
Working 


MPX CHANNEL 


A magnetic tape (240x) or direct-access (2311 or SDSD*) operation is "Safe" from overrun or "May Overrun," depending on (1) whether 
the operation uses data chaining, and (2) the condition of the HSMPX channel(s). 


Condition of © 
HSMPX Channel(s) 


Not Working 
or 
Not Installed 


Only One Working 


Both Working 


*In the tabular notations: 


No Data Chaining 


Safe 
All attachable devices 


Safe 
All attachable devices 


Safe 
All attachable devices 


Safe 
All attachable devices 


No Data Chaining 


All attachable devices 


Safe 
240x~1,2,3,4 
SDSD 


May Overrun 
240x-5 
2311 


Safe 
240x-1,2,3,4 
SDSD 


May Overrun 
240x-5 
2311 


Data Chaining 
Without TIC 


Safe 
240x-1,2,3,4 
SDSD 


May Overrun 
240x-5,6 


May Overrun 
240x-5,6 
2311 


Safe 
240x-1,2,4 


May Overrun 
240x-3,5,6 


2311 


May Overrun 


240x-2,3,4,5,6 


2311 
SDSD 


Data Chaining 
Without TIC 


Safe 
240x-1,2,3,4 
SDSD 


May Overrun 
240x-5 
2311 


Safe 
240x-1,2 


May Overrun 
2311 
SDSD 


Safe 
240x-1 


May Overrun 
240x-2,3,4,5 
2311 
SDSD 


Data Chaining 
With TIC 


May Overrun 
Tox 6 


2311 


Safe 
240x-1,2,4 
SDSD 


May Overrun 
K=O Dy 


2311 


Safe 
240x-1 


May Overrun 
240x-2,3,4,5,6 
2311 
SDSD 


Safe 
240x-1 


May Overrun 
~240x-2,3,4,5 6 
2311 
SDSD 


Data Chaining 
With TIC 


Safe 
240x-1 


May Overrun 
240x-2,3,4,5 
2311 
SDSD 


Safe 
240x-1 


May Overrun 
THOx2, 34,5 
2311 
SDSD 





SDSD refers to the Single-Disk Storage Drive(s). 


240x-1,2,3 .. . .refers to IBM 2401, 2402, 2403 Magnetic Tape Unit Models 1-6 (or 2404 Models 1-3). Model 6 is not 
attachable to the MPX channel. 


Figure 10. I/O Activities Susceptible of Overrun 
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The system control panel (Figure 11) contains the 
switches and lights necessary to operate and control 
the system. The system consists of the cpu, storage, 
channels, on-line control units, and 1/o devices. Off- 
line control units and 1/o devices, although they may 
be part of the system environment, are not considered 
part of the system proper. 

System controls are considered to be grouped in 
three classes, and are so physically oriented on the 
system control panel: 

Operator control 

Operator intervention 

Customer engineering (CE) control 

Figure 11 is divided into labeled areas for reference. 
The operator contro] section is virtually limited to 
areas B and G, and the left half of area F. The opera- 
tor intervention controls appear on (but do not wholly 
occupy) areas D and E as well as the right half of 
area F. Operator interventions may also require the 
use of some of the CE controls and lights that occupy 
the remaining areas. 

Area A contains the cru usage meter, the cE usage 
meter, and the ce keylock switch. Area C contains 
lights primarily useful to customer engineers. Area H 
contains the two roller switches, both of which are 
set to position 1 during normal operations. 


System Control Functions 


Using the control panel, the operator can reset the 
system; store and display information in storage, in 
registers, and in the. program status word (psw); and 
perform initial program loading (1PL). 


System Reset 

This function suspends all instruction processing and 
timer updating, resets the channels, and resets on-line 
control units and 1/o devices that are unshared by 
other cru’s. 

The cpu is placed in the stopped state and all pend- 
ing interruptions are eliminated. All error lights are 
turned off. 

In general, the system is placed in such a state that 
processing can be initiated without the occurrence of 
machine checks, except for those caused by subsequent 
machine malfunction. 

The reset state for a control unit or device is de- 
scribed in the appropriate System Reference Library 
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(skL) publication. A system-reset signal from a cru 
resets only the functions in a shared control unit or 
device belonging to that cpu. Any function pertaining 
to another cpu remains undisturbed. 

The system-reset function is performed when the 
system-reset key is pressed, when 1Pt is initiated, when 
a power-on sequence is performed, or when Psw re- 
start is initiated (see “psw Restart Key”). 


Programming Notes 


If the system reset occurs in the middle of an opera- 
tion, the contents of the psw and of result registers or 
storage locations are unpredictable. If the cpu is in the 
wait state when the system reset is performed, and 1/o 
is not operating, this uncertainty is eliminated. 

A system reset does not correct parity in storage. 
Because a machine check occurs when information 
with incorrect parity is used, the incorrect information 
should be replaced by loading new information. 


Store and Display 

Certain controls in the operator intervention group 
permit storing and displaying data during manual in- 
tervention in the progress of a program. This manual 
intervention is begun by placing the crv in the stopped 
state. The cru enters the stopped state when the stop 
key is pressed, when single instruction execution is 
specified (by the rate switch setting of INSN STEP), or 
when a preset address is reached (see “ms Address 
Compare Switch”). 

The operator then uses the address switches, data 
switches, storage select switch, store key, and display 
key to store and/or display information in main stor- 
age, in general and floating-point registers, and in the 
psw. Once the desired intervention is complete, the 
cpu can be started again. 

The stopping and starting of the cpu does not in 
itself cause any alteration in program execution other 
than the time element involved in the transition from 
operating to stopped state. 

Machine checks that occur during store or display 
operations do not interrupt or log immediately, but 
may create a pending interruption. This interrupt can 
be eliminated by a system reset. A pending interrup- 
tion, when not disallowed, will be taken when the cpu 
is returned to the operating state. 
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© Figure 11. System Control Panel 
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Initial Program Loading 


Initial] Program Loading (1p) is provided for the ini- 
tiation of processing when the contents of storage or 
the psw are not suitable for further processing. 

iL is started manually by using the load-unit 
switches to select the input device that contains the 
program and pressing the load key. 

Pressing the load key causes a system reset, turns on 
the load light, and starts a read operation from the 
selected input device. The first 24 bytes read are 
placed in storage locations 0-23. If the selected input 
device is a disk, the iru information is read from track 
0. Storage protection, program-controlled interrupts, 
and a possible incorrect-length indication are ignored. 
The double word starting at location 8 is used as the 
channel command word (ccw) to continue the input 
operation under control of the channel. When chain- 
ing is specified in this ccw, the operation proceeds 
with the second ccw starting at storage location 16. 

After the input operation ends, the 1/o address is 
stored in bits 21-31 of the first word in storage. Bits 
16-20 are made zero. Bits 0-15 remain unchanged. The 
cpu fetches the first two words in storage for a new 
psw and proceeds under control of this new psw. The 
load light is turned off. 

At this point, the loader-portion of the first program 
is loaded. The ret continues with the loading of pro- 
grams or continuations of programs stored on the 
selected input device. 


Programming Notes 


Initial program loading resembles a starr 1/o that 
specifies the 1/o device selected in the load-unit 
switches and a zero protection key. The ccw for this 
START 1/oO is simulated by cru circuitry and contains a 
read command, zero data address, a byte count of 24, 
chain-command flag on, suppress-length-indication 
flag on, program-controlled-interruption flag off, chain- 
data flag off and skip flag off. The ccw has a virtual 
address of zero. 

After the new information is read into the first six 
words of storage, the remainder of the 1PL program 
may be placed in any desired section of storage. 

The selected input device may be the channel-to- 
channel adapter connecting the channels of two cpv’s. 
After a system reset is performed and a Read command 
is issued to the adapter by the requesting cpu, the 
adapter sends an attention signal to the addressed cru. 
That cru should then issue the write command neces- 
sary to load a program into main storage of the 
requesting CPU. 

When the psw starting at location 0 has bit 14 set 
to one, the cru is in the wait state after the IPL pro- 


cedure; the manual, the system, and the load lights 
are off, and the wait light is on. Interruptions that are 
requested during IPL are taken, if allowed, before in- 
struction execution begins. 

When the load light goes off, the loader portion of 
the first program is loaded. The continuing procedure 
for PL varies slightly (but is nearly if not wholly auto- 
matic) if stand-alone programs are being loaded, with 
program execution to follow either immediately or, 
if the cpu is placed in the wait state at the end of 
IPL, upon receipt of the signal to exit from the wait 
state. If the control program is being loaded, addi- 
tional procedures for the operator are required. 


Operator Control Section 


This section of the system control panel contains (ex- 
cept for the emergency pull switch) the only controls 
needed by the operator when the cru is operating 
under full supervisor control. 

The main functions provided by the operator con- 
trol section (Figure 12) are: 


Control and indication of system power 

Indication of system status 

Initial program loading 

Control and status indication of single-disk storage drives 


The operator controls and lights are (in alphabeti- 
cal order): 


NAME 
Cartridge Unlocked (Disk) 
Emergency Pull 


IMPLEMENTATION 
Two lights 
Pull switch 


Interrupt Key 

Load Key 

Load Light 
Load Unit Three rotary switches 
Manual Light 
Power Off Key 
Power On Key 
Ready (Disk) Two lights 
Start ( Disk) Two keys 
Stop (Disk) Two keys 
System Light 
Test Light 
Wait Light 


Cartridge-Unlocked Lights (Disk) 

A light indicates that the associated single-disk storage 
drive is fully stopped and the operator is able to re- 
move its cartridge. Neither this nor the ready light is 
on while the drive is decelerating; the drive slows to 
a stop in two minutes or less. 


Emergency Pull Switch 


Pulling this switch drops power at the primary power 
input to the cpu and all connected devices that are 
part of the system or can be switched onto the system, 
including 1/o control units and devices that are off- 
line or shared by other cpu’s. For emergency power 
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eFigure 12. Operator Controls (Areas B, F, and G) 


off on multisystems, as many as six emergency pull 
switches are interconnected. 

The switch latches in the out position and can be 
restored to its in position by maintenance personnel 
only. 

When the emergency pull switch is in the out posi- 
tion, the power-on key is ineffective. 


Interrupt Key 


Pressing this key requests an external interruption. The 
interruption request remains pending if the interrup- 
tion is disallowed or the cru is stopped. Bit 25 in the 
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interruption-code portion of the current Psw is made 
one to indicate that pressing the interrupt key is the 
cause of the external interruption. 

The key is effective while power is on the system. 


Load Key 


Pressing this key starts ret. The loading is from the in- 
put device selected by the three load-unit switches. 
Pressing the load key causes a system reset and loads 
the first 24 bytes of information from the input device 
into the first 24 bytes of main storage. 

The key is effective while power is on the system. 


Load Light 

This light is on during 1; it is turned on when the 
load key is pressed, and is turned off after the loading 
of the new psw has been successfully completed. 


Load-Unit Switches 

Three rotary switches provide the 11-bit address of 
the channel and device to be used for initial program 
loading. 

The leftmost rotary switch has eight positions, 
labeled 0-7, and is used to select the channel address. 
The other two are 16-position rotary switches, labeled 
with the hexadecimal characters 0-F, and are used to 
select the subchannel, control unit, and device (see 
“Addressing” ). 


Manual Light 
This light is on when the cru is stopped. Several 
manual controls are effective only when the manual 
light is on. To exit from the stopped state, see “Start 
Key (crv).” 


Power-Off Key 

The single-disk storage drive(s) must be individually 
turned off before this key is pressed. Pressing the 
power-off key initiates the power-off sequence of the 
system; about 5 seconds elapse between pressing the 
key and removal of power. 

The contents of main storage (but not protection 
keys in storage) are preserved, provided that the cru 
is in the stopped state. The general and floating-point 
registers may be affected. 


Power-On Key 

Pressing this key initiates the system power-on se- 
quence and causes a system reset. After about 90 
seconds, the sequence is complete; this is indicated 
when the power-on key lights up. 

The system reset is performed in such a manner that 
the system executes no instructions or 1/0 operations 
until explicitly directed (the normal stopped state). 
The contents of main storage are preserved. 

The power-on key is effective only when the emerg- 
ency pull switch is in the normal (in) position. 


Ready Lights (Disk) 

A light turns on when the associated single-disk stor- 
age drive is up to full speed, operational, and ready 
for a seek command. Neither this nor the cartridge- 
unlocked light is on while the drive is accelerating; 
the drive achieves full rotational speed in 2 minutes 
or less. 


Start Keys (Disk) 

Pressing one of these keys starts the associated single- 
disk storage drive motor. If only one drive is installed, 
the disk 0 key is used; if both drives are installed and 
are to be started, the disk 0 and disk 1 keys are used. 


Stop Keys (Disk) 

Pressing one of these keys turns off the associated 
single-disk storage drive motor. If only one drive is 
installed, the disk 0 key is used. If both drives are in- 
stalled and are to be turned off, the disk 0 and disk 1 
keys are used. 

If a cartridge is to be replaced, it is necessary to 
wait for the drive to come to a complete stop; this is 
indicated when the associated cartridge-unlocked light 
turns on. 


System Light 
This light is on when the cpu usage meter or CE usage 
meter is running. 

When the ce keylock switch is turned off (counter- 
clockwise, toward the cpu usage meter) and the sys- 
tem is doing productive work, the cpu usage meter 
accumulates time. 

The manual light and wait light indications are in- 
dependent of each other; the system light indication 
is a function of both the cru and 1/o states. The fol- 
lowing table shows possible conditions when power is 
on: 


SYSTEM MANUAL WAIT CPU 1/o 
LIGHT LIGHT LIGHT STATE STATE 
off off off Rate switch 
on SINGLE 
CYCLE 
off off on Wait Not working 
off on off Stopped Not working 
off on on Stopped, Not working 
wait 
on off off Running Undetermined 
on off on Wait Working 
on on off Stopped Working 
on on on Stopped, Working 
wait 
Test Light 


This light is on when a manual control is not in its 
normal position or when a maintenance function is 
being performed for the cru, including channels and 
storage. 

Any abnormal switch setting on the system control 
panel that can affect the normal operation of a pro- 
gram causes the test light to be on. 

The test light does not reflect the state of marginal 
voltage controls. 
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Wait Light 
This light is on when the cpu is in the wait state. Exit 


is only by a new psw, e.g. through external or 1/o 
interruption or IPL. 


Operator Intervention Controls 


Areas D, E, and F of the system control panel contain 
most of the controls required for the operator to in- 
tervene in normal programmed operation (Figure 13). 
These controls are intermixed with ce controls and 
lights that are located in the same areas. 

Operator intervention provides the system-reset and 
the store-and-display functions. 





eFigure 13. Operator Intervention Controls (Areas D, E, and F) 
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The operator intervention controls are (in alphabet- 


ical order): 


NAME 


! Address 


Check Reset 

Data 

Data 

Display 
Floating-Point Precision 
Instruction Counter 
Lamp Test 

MS Address Compare 
PSW Restart 

Rate 

Set IC 

Start (CPU) 

Stop (CPU) 

Storage Select 

Store 

System Reset 


IMPLEMENTATION 


17 toggle switches (18 on H44) 
Key 

32 toggle switches 

36 lights 

Key 

Rotary switch 

17 lights (18 on H44) 
Toggle switch 

Rotary switch 

Key 

Rotary switch 

Key 

Key 

Key 

Rotary Switch 

Key 

Key 


Address Switches 

These switches provide a 17- or 18-bit address by 
means of 17 or (for H44) 18 toggle switches, of which 
the four rightmost, labeled cpr, are used to address a 
general (purpose) register; and the three labeled rrr 
are used to address halves of a floating-point register. 
The group of switches as a whole can be used to ad- 
dress any word in storage, or to stop the cpu at an 
equal address comparison. The 16 (or 17) high-order 
switches provide an address that can be loaded into 
the instruction counter. Correct address parity is 
generated. 

Although enough switches are provided to address a 
single byte in a 262,144-byte storage, addresses are 
specified by word and not by byte. This means that 
switches 30 and 31 (rightmost) are ignored when the 
toggle switches are used to address storage. 

The address switches can be manipulated without 
disrupting cpu operations and are normally used for: 

Comparison by selecting a 17- (or 18-) bit address 
to be compared with any address in storage. Address 
switch 31 is ignored. The purpose is to stop the cpu 
when the comparison is equal. Example: processing a 
segment of a program to examine the results. This 
function is performed when the ms address compare 
switch is set at sTOP. 

Instruction-Counter Loading by selecting a 17- (or 
18-) bit address to be loaded into the instruction coun- 
ter when the set ic key is pressed. Address switch 31 is 
ignored. The purpose is to set in, or manually branch 
to, the instruction address where the program is to 
start. 

Storage Addressing by selecting a 17- (or 18-) bit 
storage address to either store the word selected with 
the 32 data switches, or display (on the data lights in 
the center of the panel) the word of data at this ad- 
dress. Address switches 30 and 31 are ignored. The 
store or the display key initiates this function when 
the storage select switch is set at Ms. 

General Register Selection by selecting a four-bit 
address that identifies a general (purpose) register to 
either store the word selected with the 32 data 
switches, or display (on the data lights) the contents 
of this general register. The store or the display key 
initiates this function when the storage select switch 
is set at GPR. 


ADDRESS-SWITCH SETTING 
GENERAL (0 = normal; 1 = down) 
REGISTER 28 29 30 31 


ARON rH © 
oooococo 
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ADDRESS-SWITCH SETTING 


GENERAL (0 = normal; 1 =.down) 
REGISTER 28 29 30 31 
6 01410 
7 01 i1éii1 
8 100 0 
9 1001 
10 1010 
ll 10411 
12 1100 
13 1101 
14 1110 
15 1111 


Floating-Point Register Selection by selecting a two- 
bit address that identifies a floating-point register to 
either store the word selected with the 32 data 
switches, or display (on the data lights) the contents 
of this floating-point register. A third address bit, in 
the rightmost position, identifies which half of the 64- 
bit floating-point register is affected. The store or the 
display key initiates this function when the storage 
select switch is set at FPR. 


FLOATING- ADDRESS-SWITCH SETTING 
POINT (0 = normal; 1 = down) 
REGISTER BITS 29 30 31 
0 0-31 0 0 0 
32-63 00 1 
2 0-31 0 1 0 
32-63 011 
4 0-31 1 00 
32-63 101 
6 0-31 1 10 
32-63 I 11 


Check Reset Key 


Pressing this key resets all error lights on the system 
control panel. 


Data Switches 

These 32 toggle switches (in area D) provide the data 
to be stored in main storage, in a general register, a 
floating-point register, or in the psw. These switches 
are used in conjunction with the address switches, stor- 
age select switch, or store key, as described for those 
controls. The number of data switches is sufficient to 
permit storing of a fullword, with correct data parity 
being automatically generated. 


Data Lights 
These 36 lights display one of the following, as gov- 
erned by the setting of the storage select switch and 
by pressing the display key: 

1, The word of data at the main storage location 
specified by the address switches. 

2. The contents of the general or floating-point reg- 
ister specified by the address switches. 
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3. Either half of the current psw. 

All 32 bits and the four associated parity bits are 
displayed, except as described for the psw under 
“Storage Select Switch.” 


Display Key 
Pressing this key causes the data lights to display one 
of the following, as selected by the storage select 
switch: 

1. The word of data at the main storage location 
specified by the address switches. 

2. The contents of the general or floating-point reg- 
ister specified by the address switches. 

3. Either half of the current psw. (For this function, 
see “Storage Select Switch.” ) 

When the designated location is not available, the 
displayed information is unpredictable. 

The key is effective only while the cru is in the 
stopped state. 


Floating-Point Precision Switch 


This rotary switch enables the operator to select 4 
degrees of precision (32-, 40-, 48-, or 56-bit fraction 
length) to be used in the processing of long-precision 
floating-point arithmetic (see Figure 6). 


Instruction-Counter Lights 


These 17 lights (18 for Model H44) automatically dis- 
play the 17 (or 18) low-order bits of the instruction 
counter. These bits make up the instruction-address 
part of the current Psw. 


Lamp Test Switch 


Pushing this toggle switch down tests the ability of 
all panel lights to turn on. 


MS Address Compare Switch 


This rotary switch is used to stop the cru on a success- 
full address comparison. It has two positions, PROCESS 
and stop, for the use of operators; the other positions 
are for the use of customer engineers. 

The switch has no effect on cru operations when it is 
set at the pROcEss position. Setting the switch at the 
STOP position causes the address selected on the ad- 
dress switches to be compared with main storage ad- 
dresses encountered as the program runs; when they 
match, the cpu enters the stopped state. 

Note: Entering the stopped state means that the 
cpu will stop at the end of the current instruction, but 
any interruption allowed and pending will be taken 
before the cpu stops, and any current 1/o operation 
will continue to completion. 
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The ms address compare switch can be switched be- 
tween the process and stor settings without disrupting 
cpu operation other than by causing the address-com- 
parison stop. When it is set to any position except 
PROCESS, the test light is on. 


PSW Restart Key 


Pressing this key causes a system reset, which is fol- 
lowed by the loading of a psw from location zero 
(bytes 0-7). Processing then starts, automatically, un- 
der control of the new Ppsw, using the instruction at the 
location in the instruction counter. 


Rate Switch 


This rotary switch indicates the manner in which in- 
structions are to be performed. The position of the rate 
switch should be changed only while the crv is in the 
stopped state. Otherwise, unpredictable results occur. 

The switch has three positions: PROCESS, INSN STEP, 
and SINGLE CYCLE. 

When the switch is in the process position, the sys- 
tem starts operating at normal speed when the start 
key is pressed. The test light is on when the rate switch 
is not set to PROCESS. 

When the rate switch is set to INSN STEP and the cpu 
is in the stopped state, pressing the start key causes 
one complete instruction to be performed. All pend- 
ing, allowed interruptions are subsequently taken. The 
cpu next returns to the stopped state. When the cru 
is in the wait state, no instruction is performed but 
pending interruptions, if any, are taken before the 
cpu returns to the stopped state. 

Any type of instruction can be executed with the 
rate switch set to INSN sTEP and 1/o operations are 
completed to the interrupt point. However, initial pro- 
gram loading is completed with the loading of the new 
psw before any instruction is performed and the timer 
is not updated while the rate switch is set to INSN STEP. 

The sINGLE CYCLE position is for the use of customer 
engineers. 


Set IC Key 
Pressing this key loads the instruction counter with the 
bits provided by the leftmost 16 (for H44, 17) address 
switches. The 17 (or 18) bits in the instruction counter 
make up the instruction-address part of the current 
psw. The instruction address is entered in bits 47-63 
(or 46-63) of the current.psw, as shown in Figure 14. 
Bit 63 must be zero; accordingly, the rightmost ad- 
dress switch is not used in this function and its infor- 
mation is ignored. 

The key is effective only while the cru is in the 
stopped state. 


Program 
System Mask AMWP Interruption Code Instruction Address 
8 To. vga 


0 7 1112 1516 
Bit Displayed 
Position As 
0,1,... 0,1,... 
7 7 
8-11: 8-11 
12 12 
13 13 
14 14 
15 15 
16-31 16-31 
32,33 0,1 
34,35 2,3 
36-39 4-7 
40-45 8-13 
46 14 
47-63 15-31 


Figure 14. Bits in Program Status Word 


Start Key (CPU) 


Pressing this key starts instruction execution. The first 
instruction address used, when the crv starts normal 
program execution, is that contained in the instruction 
counter when this key is pressed. 

Pressing the start key after a normal stop causes in- 
struction processing to continue as if no stop had oc- 
curred. Pressing the start key after system reset, with- 
out first introducing a new instruction address, yields 
unpredictable results. 

The key is effective only while the cru is in the 
stopped state. 


Stop Key (CPU) 

Pressing this key causes the cru to enter the stopped 
state. The cpu will stop at the end of the current in- 
struction, after all allowed and pending interruptions 
have been taken and all current 1/o operations have 
continued to completion. The stop key is effective 
while power is on the system. 


Programming Notes 

Pressing the stop key has no effect when a continuous 
string of interruptions is performed or when the cpu 
is unable to complete an instruction because of ma- 
chine malfunction. The effect of pressing the stop key 
is indicated by the turn-on of the manual light as the 
cPuU stops. 


31 323334 35 36 39 40 


Indication 


(For channel 0, 1, etc.) 1 = 1/O interruption allowed, 0 = 
I/O interruption disallowed. 

(For timer, interrupt key, other external) 1 = external 
interruption allowed, 0 = external interruption disallowed. 
Protection key (0000 if no protection feature). 

(A) 1 = USASCII-8 code, 0 = EBCDIC. 

(M) 1 =machine-check interruption allowed, 0 = machine- 
check interruption disallowed. 

(W) 1 = wait state, 0 = running state. 

(P) 1 = problem state, 0 = supervisor state. 

Interruption code, 

Instruction length code. 
‘Condition code for the instruction. 

Each 1 = interruption results from the associated program 
exception, each 0 = no interruption results from the associated 
program exception. (The state of bit-position 39 also influences 
floating-point addition and subtraction.) 

Inapplicable to Model 44. 

High-order instruction address bit-position for H44, 
Instruction address bit-positions for any Model 44. 


Storage Select Switch 


This rotary switch is used to select a register, storage, 
or psw, for the purpose of either changing its infor- 
mation or displaying its contents. This switch has five 
positions: 


Ms — selects main storage. 

GPR — selects general (purpose) registers. 

FPR — selects floating-point registers. 

psw (0-31) — selects bits 0-31 of the current psw. 
psw (32-63) — selects bits 32-63 of the current rsw. 


The exact storage location or the particular register 
is identified under “Address Switches.” 

To store the 32 bits of data provided by the data 
switches into main storage or a register, the store key 
is pressed. All 32 bits in the location are affected. If 
the display key is pressed, the data lights display the 
word of data indicated by the storage address on the 
address switches, or the contents of the register indi- 
cated by the address switches. 

Storing or displaying in the rsw positions does not 
involve the address switches. 

On psw 0-31, only bits 0-15 are affected. The inter- 
ruption code in bits 16-31 is formed only at the time 
of an interruption and therefore cannot be displayed 
or stored. Also, in a store operation the correct pro- 
tection key (or all zeros) must be selected on data 
switches 8-11 to avoid an interruption, even if the pro- 
tection feature is not installed. 
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On psw 32-63, bits 32-63 can be displayed but only 
bits 34-63 can be stored. On a store, the 11c bits (32 
and 33) remain unchanged. 

The storage select switch can be rotated without dis- 
rupting CPU operations. 


Store Key 
Pressing this key stores the data provided by the data 
switches into one of the following locations, as selected 
by the storage select switch: 

1. The main storage location specified by the storage 
address on the address switches. (Storage protection 
is ignored. ) 
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2. The general or floating-point register specified by 
the address switches. 

3. Either half of the current psw. (For this function, 
see “Storage Select Switch.” ) 

The key is effective only while the cru is in the 
stopped state. 


System-Reset Key 


Pressing this key causes a system reset. The cru as- 
sumes the stopped state, error lights (if any) are reset, 
and all pending interruptions are eliminated. For other 
particulars, see “System Reset” as previously described. 
The key is effective while power is on the system. 
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(see also console printer-keyboard) ............0ccccceeeeeee 10 
1442 Card Read Punch 0.0.0.0... eeeeeeecteeees 30, 34, 35 
1800 Data Acquisition and Control System ............ 30, 35, 37 
1827 Data Control Unit 00.0.0... cccccsscssssceesesseesteseees 30-32, 35 
Ixxx (any other Ixxx machine) ..............0.8 Su cuean 30, 35 
2044 Processing Unit (see also processing unit) ............0.... 7 
2260 Display Station ...........cccccsccessserensecesneseneevenees 30, 32, 35 
2311 Disk Storage Drive ..........ccccceccceeettctteeteeees 30, 35, 38 
2315 Disk Cartridge (see also disk cartridge) ............0..... ll 
2400 Magnetic Tape Units ooo... cceeeeeeeees 30, 35, 38 
2701 Data Adapter Unit .......00 cc cceceee 30-32, 34, 35 
2702 Transmission Control .........00..00cccccceececcteeeeees 14, 30, 34 
9821 Control Unit - 454s cicei eh ccensidioissauensepieaizesenandeade . 80, 32, 35 
2841 Storage Control oo...ccccccccccccccccscesseesereeseeens 11, 30, 35 
2848 Display Control oo... eeeteneen 30, 31, 35 
Q2xxx (any other 2xxx machine) .........0...000..cee. 30, 34, 35 
Accelerator (see high-speed general registers ) 

Adapter 

Console printer-keyboard ........0..0000..00ccccccccccceceseetseeeeces 5,11 

Single-disk storage drive ............cccccceetteteteesees 5, 11, 30 
Address comparison ............c:ccccccccceccetecetceccseesteeessseeenaes 45, 46 
Addressing storage, manually o0.0....00.ccccccccccceeceteeeeseeens 45 
Address switches 

BP TR: SOU. Gi viet cha ycttcieta shetiuii te oe teraalia cs eada add cmeaedaanseean dy hte 45 

PMEUOHSS “4 de dcubisacsnasnasteteneht nieces ia nb ea iectiad eels 45-47 

CCPIK  SOEUINE eet icta sancti taaaase wee otvensieactricuin deat talteas 45 
Analog input basic features .......000...00cccccccccceeeee cece 31, 32 
AL STODISUED < sfc ce ie asda: sees leases win estay eed ieapeleoue Paterna aleeumbigeecis 6 
Arithmetic operations ..........0000.ccccccecccceceecccseceeccreuseescssseeeeesseaes 5 
Asynchronous buffered multiplexing devices ...............0....... 35 
Average timings 

Basis: Of: sisede ho alee teen estado le stiches eee Ras 28 

A Le OE: ja caceosdcldestdocan coisas coiioo cacs oes eeu ad ox eave 14 

With timing formulas 0.000000. cccccccccceeeeeeteeees 16-26 
AX; LEPISUER oo. ch Nits ed oases dette doo bagoae nade eavins edi awes ad Pawstenstedeane 6 
Basis of average timings ..0.0.00..000.0ccccccccseeccseeeseeetsseeetee cas 28 
AVE cet ate ecto neat Great cua cadena secdunnltsphaeontese sebaanaiid iad apatie 32-34 
By PEPISCET yi cecs versace enue peg neains coca av eS o hncatine sateen ddbines 6 
Buffering of data 

HSMP: channel’ so. :6sGi ie eo Ga etae eens 37 

MPX, Channel. 2 :j:ocicihe viececisad ae Oe ea clesivsuady debt ecaeawitiniedal 37 
Bump storage (core extension) ........00.00.c ccc ete 6, 29 
Burst mode 

Definition Of 0.0... ccc iiccessscscccecescsestsseetscceesnsseeserecesensanes 32 

Devices. forcing csi vicuaiieisaia a ini ata awanonieaten 33 

Interference with CPU oo... ccccccstssseeeeeecenecsaaaaes 34 

States oe. cscs cwceys tesco Kev a 0h dade asalathev au ste torn antethiee se IETS ance 32-34 

Storage ACCeSses iM oo... ccctteeteeeettaeetteeenseeen 34, 36 
Bx MO SISCSR: sess nce dacatitacdtes Ae asg Lal ositn gee day wedbesaaendueee NG uturaaeaeedeaiaay 6 
Byte-handling instructions .....00...00000ccccccccceeccececsseeectseesseeees 5 
Capacity 

OF processor StOTAQe oo... ccc eeeececeteeeteseteenneneeees 7,8 

Of single-disk storage rive ......0..000.cccccccccceecceceeseteeees 11 
Cartridge (see disk cartridge) 

Cartridge-unlocked lights (disk) oo... 41, 43 
CCW 

Br GCCHING JOE jovi resi sieags toe eaten dercakcauns tee aetna 35-37 

Formation: in. TPE: voc cees a fiw cet earietien teeta 4l 

For single-disk storage drive .........0.....0000ccccec ete 11, 12 
Chaining 

Command chaining .........000..00ccccceccecceettttecteecs 33-35 


Index 


Command chaining with SDSD ..........: bi sarddaedeek cate ett 12 
Deity oe nen rt haha vias entree nanevoegeaotusesbe mens Saass Aron nbcen dat 34-38 
ES ov hee ces Nouv Landaa e rail ta tat Ancea ts etal asa 41 
Channel 
POAGGCS SEG chiens sextet c tenes cb cgumennith aun aveueomen th acentuena cs RY 31, 43 
Architecture o...0...00..ccccccccececseeesscesseeeteees ieee Seta sata 32 
Be rdin Soc ficcos1ss cre aieetbea tans wititenstinteae ia tiona aaa gtaevedenalcast 37 
Command word (see CCW) 
Data: travister Yates aj agesess, wet ate Sancied oie ween eniaties 29 
DGLAY AMPA rice raiser tetas test ote hon aonchl aletal oli genseosea tee 32 
DESCHIDUON cosh sree nctntesennlaess accsatacancmmeanaionses 29, 31 
PC HBLETTUDE ay3ccce sna) ahs Shan Gerecs cents lenctannteertey OS ieioondnes 34, 36 
Pigure showmyg Cae sccdexinsgscsgiadel ti ee RAE 7 
High-speed multiplexer ..........0..000.cccccccccceeeseeeeeeeteenteenes 7,29 
HSMPX data accesses .........00..cccccccccecesececssesesseeerseesesaeeecsaes 34 
HSMPX data buffering .........0.00..00cccccccccecseeteeteeteteeenee 37 
HSMPX subchannel .............0..0cccccscccscccescesssuesssseesnees 29, 36 
HSMPX subchannel addressing .............0..00ccccectteeteees 31 
Mnterieren Ge a sc.cboetinieants ruses mds Woes inta ble Ph coastal 34 
MPX data ACCESSES 2: soars 5cinctaiccAaanieuarn cia Gases 34 
MPX. data. Duttering® bicccsisieahicataasaninceagirtst omen 37 
MPX ‘subchannel: «115.400 -ch Pesca Secccasécsarai ded siabicencaiatcenmens 29 
MPX subchannel addressing ............0..cccccccccceceeseeeeseteeceeees 31 
WIEDER Er iris sietiedehate se catetys eweatedet womanssaareatidaeniateaeale Mabel 7,29 
SHOTS * sone oti rath adeeb tre dettiely tae ans Sei daacedeasin i atmaitees 29 
Priority, demonstration OF .........000...cccccccceceeetceeeeeenteeeenes 36 
Scheduler  a...6.ihs wicca aena ena wie ie nteatet di ialemectne 34 
OS 1 2) eee ee OE eee eet reer 33 
Channel command word (see CCW) 
Channel-to-channel adapter ...............0..00cecescesseecees 30, 35, 36 
(SHOCK? PESEE HOW) ssc.c4s Sncaeasdcrandvcsanesia rate eaas ert emia tadicdats 45 
Command chaining (see chaining) 
Commands 
NOsOp? “2itecice th doakeied ieceit costes ictihand Ming eed mestoene 12, 35 
SOMSE ie cere eee Ge EN Sa OR EO 34 
Single-disk storage drive .......00000cccccccccccecsesscceeseseeseeetenaes 12 
Me Faces ce casts Latah Sierra akg Gat ROM Ace alata 29, 34-36, 38 
Comat beltty< i) 22-4 ceili St ee oaser cd bolas saa eles tesa eeae cen 5,13 
Gommpute Glock .02.32/8einedsencciors wees aenens aaa ew hy wale 34 
CONC UIOT: CODE csi sicis.ts sep vedio sas eeo ian tas eo dao eae Danes 34, 47 
CONNPULALOL: phic bon sex Giaaren idee ene aaaen tates amen 7 
Console printer-keyboard 
Rater? yc civeacacdeutesienpulaiarennsied aieadnaei taatecene 5, 11, 30 
Control-unit position required ..........0..c0ccccccctseecreceeseeee 29 
Description’ 3 2ascscnsiiarn giochi tients 10, 11 
PHOEOS? se chec. cated Mee teach hadcnak aaetoieatade ai ok wstiasdec nail etal eas 6, 10 
Priority required .....0...0cccccccccccccceccesscesseecessesesseeessteesseeens 35 
Subchannel required o........0c0ccccccccccccsecceecsseeeeeenteteeceenseecens 29 
Contention 
Among I/O devices o.........cccccccccccccscccseeccececsssevstevstevseensnenes 34 
For use of the interface ...0...0.0.000cccccc ccc ececcceessteneteetenees 34 
Control units 
PCC SSI GP aa siie NG oldest aes cysts sncinstanaed bean lnaey et aaks 31, 43 
Connection to channel .......0...000.00ccccccccecceesseeessvesseereseveseveney 30 
Number per channel .................0..000ccccccccceeccsecceeeccseeecesvas 29 
Priorities: PEQuirGd: oss isce coin piaeuacenceiaia its caer daemueiids 34, 35 
System maximum ...............0 cece cecee sentence aaees 29 
ED ce ees cocci s eats Oak esaetiz cals Weal pena blavsed dels 30 
Core? CxtenSlOm ovsrsccdesiaccsaassiveiacd ieieedesssiabeas avsiisenw elveaededvunns 6, 29 
Core storage capacities 0.0.0... ccc ccccscccececcenecrssseesteeeeenens 7,8 
Counter 
For high-resolution timer. .00.00000000c0cccccccccccceecseeeeensseenseees 9 
Tnstruction 2.208 Sceiiad Wind esccediec eeeeewed ati vecdins 8, 45-47 


CPU (processing unit) 


LD [Srey 0] 5 (0 | Rant ee Pe ree ee ee ED 5, 6 
PGR 256.2 rss, Meteo acta te eat Een ten Leonie eave ata 6 
State of (see also stopped state, wait state) .........0..0000. 43 
Usage Meter sh yeckeiatecscnteasidietiveaeteleeeod Ageneees eer icsbedeea® 43 
Critical time (waiting time) .0...0...00.000ccccccccccceeceteesetreees 35 
Cross-channel interference .20..00.0..0000...cccccccccecceccceceecersteseesseess 34 
MOONY sty coi sarna Soc alaka uh tN atlanta ails Sic ae tea tes ae 34 
Guirrent (PS W occecsiipeincacedaowsts encdaninueoacaa cords nayean Covceaieeedes 42, 46-48 
Customer Engineering 
Controls and lights ..........0..0..ccccccccscccseseeteeeereeeen 39, 43, 44 
Ke@yloGke Swit le «ones ivccisne siden tibecciteiedadeisdlav Gusto eseominneseanes 43 
NLRC pe diisc ceetinc ate dani deine a bone PR eke wala Hida Pre Ahab ncdines 43 
Cylinders, Gishe: ja cSic2celeteccasl sais le istevetnadst antadotumiaet anetiiaads 11 
Data 
Accesses, HSMPX oi........ccccccccccccccecsteetccetescetueeeeesentenueeeees 34 
Accesses, MPX ooo......cccccccccccccececssccccsceceecstssesessensntssevetevennaits 34 
Buttering;- HISMPX viii av csotivrndeine wii Altima: 37 
BUYIN as WEES. cca o beep chensts dectaarhondutel ts Sen atveteneawtins bibs Beavis 37 
Chaining (see chaining ) 
SY CIES. 28 crete seat onl shin Gx poteastut deat ele wine enteral meaentioned 36 
NOTES toes ha eee ese teed cc tek Gensel cs, Sen 45-47 
FRODISEER yascGracsreaseea bass stcaace assy eaones jy rads hc Suchen ein seaatineenes 37 
SWITCHES: co cgtetet Gn Aico d ue Ss 39, 45, 47, 48 
Bate TES hoo sk sew isntncnaltavand wes tacah vat dans usec ooeudentecch 45-47 
Data Switehes: ssi ncaistiveceinsiubdctessaeh acon Meccan aoreass 39, 45, 47, 48 
DDC (direct data channel) ..0....00.ccccccccccceeseseceetseenens 5,7 
Decimal arithmetic instructions 20.00.0000... ccccceeeeseeeeeeees 5 
Delay, internal channel] 2000000000000 cccccecccceecetcceecsteeseeeerens 32 
Demand rate for storage cycles .......0..00.00ccccccceeeeeteeeees 35, 36 
Devices, I/O 
Addressing: OF cc.cistndesiad Gk selon doi ieireceebatiea set 31, 41, 43 
Connection to control unit or channel .....0.000.000000c 30 
Pridfities: required aces csc eee i aeviase ea van 34, 35 
SPCC: she ie caus ee AN anne ee ater et ote cto tae linen 29, 35 
Device-end status ......00.0ccccccccccccecccsceceeeectsscessesseceseserstersereeees 33 
Digital/analog output devices .0..00..000.000cc cece ceeececeeeceeerees 32 
Digital input devices 2.0000... ccc cccccecesseceeecseseesersesesertneeees 32 
Direct control feature 2.000.000.0000 ccc ccccccecceseeccssecccntsececenreeeees 9 
Direct data channel] ..0....0.0..000.coccccccececececeeecseeenseessueseeeeeenes 5,7 
Disable interval timer switch .0..000000000000ccccccccccceceeeeseeecseeenees 9 
| BYE) ak | Je =) | a rere Oo eee PERC retire ere en re cere 43 
Disk: Ro RO Srseticc tc tue cepa cosets secede nie vodka oe x ae ta eee 43 
Disk cartridge 
Description: 2.05204 aia aii alesse ae Ges 11, 12 
POCO fc cei ee cen0shs cece cotati tosonet ee siaegn datductenatvsonatenedelactess 4,11 
PREMIO VA OP ci ih acd BN St Ma eels act et eet eal tate 4l 
Replacement Of .............cccccccccceceessecssesscesseseeesesasereesessesees 43 
Display Wey. iiseitectienl dca poadecxccinaaed tos deeded ecto 39, 45-47 
BBC sins sivas renctine ea turregeteuti ian dane ts tatoantiaenG uae taes 47 
Emergency pull switch 000000000000 cece eeereceneeiees 41, 42 
Bort HOES xh diners iceagen ik aia inne antares 39, 45, 48 
Execution time 
Of floating-point instructions ...............0....... 15, 18-21, 24-26 
Of I/O instructions .0....0000000cccceecceeeeee 14, 17, 18, 22, 23 
Of protection instructions 0.00.00... 14, 17, 22, 23 
Of standard instructions .........0.0..000000008 14, 16-18, 21-23 
Extension core (core extension) .......00..00.:.c:ccccccteceteeeeeee 6, 29 
External interruption ..........0000.000ccccccceccteeeteeeceeee 9, 42, 44, 47 
Fetch protection (see also protection feature) .................. 9,10 
Floating-point arithmetic 
Praction. length | stil iGioienclitaindniibatiltied cs 46 
OUT SUES occ cchi ca bei ts nica tuanceant Poste pcaead hase oma Mabeant a vet 13 
PVStEUCHONS 6: astcsasdadeist teamed Sree tnt pained lke to aaehiedeiouiat cies 12,13 
Instruction timing formulas ........00.00.00000.0000000. 18-21, 24-26 
Precision selection ...........00c.cccccccceetecececcsseecssenseeeesees 13, 46 
ol By whi s Cars 4 (0) « nee ee 13 
Variable long-precision ...........0..00cccccccececccececessesseeeesescesenueeees 5 
Floating-point precision switch ........000.00..00c cee 13, 46 
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Floating-point registers 


Changing contents Of .00..0..00 ccc 45, 47, 48 
Displaying contents Of .......00..000cccccccsceesseesetcsseetseeteesees 46, 47 
Implementation. OF ce ciceictirare ohare dunes Cementerierehen 6,8 
Manual selection ..........00.00cccccccccsssccceetececseetescesseecseesesesesses 45 
Preservation of contents ........0....0:ccccccccccceseseesecessseeeeaes 39, 43 
Forcinig: burst mOde »siicidosccisccicccssiags wis ivseavisesadevcecesscaveateteddcesent, 33 


Formulas (see timing formulas) 
FPR setting 


Address switches ......0....cccccccccccccccccssecestssscsssevseseceestenseessnreses 45 

Storage select switch o...00..00cccccccccccecseescestecssserteeetens 45,47 
General registers 

Changing contents Of o...000.00.00cccccccececcsesetseesetececteeeees 45-48 

Displaying contents Of .........0..0cccccccecseteeteessteteeeeseenes 45-47 

Implementation Of .0...00...0..cccccccccececcseecceeestecseeteesesesseeessteees 6 

Manual selection ......0..0.00.00.0cccccccccccseesetscsersstetrestersteseserseses 45 

Preservation of contents 2...........0cccccccccceeeteeeecees 39, 43 
GPR setting 

AclOress : SWAtChes <i), kchsch aatsceuias Wagons rudetbheinesaetatsney De aaebeten 45 

Storage select switch .0...00....ccccccccccceceeeteeeseenstecteeeses 45, 47 
Guard digits, floating point 200.000.000.000. ccc cccccecccsetteeeeeeeeens 13 


High-resolution timer (see timer ) 
High-speed general registers (see also 


general registers) o.0....00.0.cccccccccecteccseeecscseetcseenseesseetaees 6,13 
High-speed multiplexer channel (see also channel) ........ 7,29 
HSMPxX (see high-speed multiplexer channel ) 

TE Ristate sie. sce. tape oe setts dence dies Raehaaueeite ee es dadens 32-34 
ILC (instruction length code) ............cccccccceeeetrenes 47, 48 
Immediate instructions ........00..00.00cccccccecceecseeetstecseecseeteneeseseretens 5 
Incorrect-length indication 2.........0..0.cccccccceecceceseeeeees 12, 41 
My ia essen nhecketcse i anianng Wats cedn sit mies tass emma anda tetadant 13-15 
Indicators (see lights ) 

Initial program loading ......0.00.00...0c cece 39, 41-44, 46 
INSN STEP setting, rate switch ..............cc ee 9, 39, 46 
Instruction counter 200.000.0000. ccc cccscccseeeeseentetsseueecensneeaes 8, 45-47 
Instruction-counter lights ...........0000..ccccceccccecstseeeessetesenteeeenes 46 
Instruction 

Da (sg os ae ee Ene en Oe oR aa SD Ie 46, 47 

PICSCTIO CIOS esas ass costa pucastiongen povesiebedekorcoras en adeabareas 13 

Floating-point instructions .0.....0....c.ccccccccceccsseeteeseeeeees 13 

Protection-feature instructions .....0...00....0.cceeeenees 13, 14 

Standard instructions .......0...00cccccccceesseeeesseecaeeenseens 5, 12, 14 

Timing formulas (see timing formulas) 

Instruction length code ............cccccccececceeeeeteeetenteeneteeenes 47, 48 
Tniterface Te cister cacieci rated nes os ie 37 
Interface sequence completion time ..............0..ccccesceeetees 33 
Interface states 

IFR (interface free) ou... ccc cccseserseeenssesseeerneees 32-34 

BM (burst mode) ..........ccccccecccccesecestseeeseeeetseeesetettaneens 32-34 
Interference with CPU 0.0.0... eens Biadeacdbsa bel deant 32-34 
Interruption 

Caused by program exception ..........0..0:ccccccccccseesetsseceeetees 47 

9 (ae An ae OEE eo ECan Ta nee A 9, 42, 47 

Bixternal ie sejokcec a Aeienaenchuaceactaceuieeonaitnag edad 9, 42, 44, 47 

Tniterritt Key i526 see sheen eayate eatin ea heahatavtawiaine 42,47 

Machine-check ...........cccccsscccsescscscecstsesesscessesenssnteeenes 9, 39, 47 

TC sac hacer caddie tah Coa Daas oie va ta ete et det abn etal 34, 44, 47 

PATA sediertsssdatusains bdo tadgiccrohsasem coset a aadeeaees eaten 32-35 

Request: Siem, vcsseteedyscsssaucis ecuhetcidel a aehcendepdbiasel ausan? 34, 41 

String of interruptions ........00..000.cc cc cceeeetceeeteeeeteeeetteeees 47 
Tete rr it Oy secacachse ct trance dca Sea atavepeaniad sap iotdycgeelan eeedcndetnas 42, 47 
Interval timer (see timer ) 

1/o 

Activities susceptible of overrun .........0.00..0cccccsccceeeees 38 

Conitrol section icc. cesisisi se vcios cles ini coa eden coassescidontarivadetsacta bes 29 

Devices (see devices, I/O) 

DEVICE ACTOS Scie: 32208555. 2essisvisonie cua use ncanstimaass 31, 41, 43 

Device SPGedS oie: 22 ones fist editeans teteskiecn made Tielgecea tien 29 

Instruction timing formulas ............0....0...000000 17, 18, 22, 23 


Tnterlace: sc ots tachi Senha paket aetna aah ieee ase 29 


TTIte PEP LON eisai honest talorhcaveutiepac uns eotee 34, 44, 47 
SEALE? echo vssten Sdecanetn coos uate aera ee 43 
TRL 2 dh bncri Min evieGnaticionienn benno a 39, 41-44, 46 
TESA g ctcsiee in tos ates cass ta ecaciarahs Semnnatestdindiaan tle Bla ahichaeeh aaron ares 13 


Keys (see switches ) 


EsAIND CESE SWIC Sag stcchocteiecs ep eae ended ead aie eres 46 
Lights 
Cartridge unlocked (disk) 0.0.0... ccccccccceeseecteeeteeereee 41, 43 
TAC sy etch acti Matias oh tt sha cada los abi cte tach KE Sy Caliah eDy 45-47 
TOG Cl 3.8) Oe sorts cheek atau une sam aoa avon iseteaeeieanen enanecteies 41-43 
Listrnction: Counter: si wien enkwiacainciedivavasd leon wees 46 
1,0 C2111 111 a eae ee RO TN OPAC RT NRT a TERN Seer 41, 43, 47 
Ready Cds) kia icces cl ee ieee 41, 43 
SUSHOIN, (hte inna staterdeuleedy mann dronsuecineteaciotceel dae tacgaante 41, 43 
FTO SE Eee vost Naas Ret satan ea HE Tne 43, 46 
VR era dias ace ar wa anaepese bud shale dehaneaducts ek nnueastesholaes Al, 43, 44 
Line-frequency timer (see also timer) ........00..0cceeeee 9 
PACER PHO RTAMA psrnistacangsneninsateiete ated suite Sigh eee a ees 4l 
TOA ROY oe rehulitcrncn Ata teattevoneitin witemorniiage een nates 41, 42 
TAG: MROTAE caich co Meher ylven an esd de xphnnsinend i waked wea otgsutentatenatunnteatinuss 41, 43 
Load-unit switches ...........cccccscsscessesssscertestsosnsesereseassnnes 41-43 
Long-precision floating point ......00..0..00:ccccccc cette 5,13 
TBS W. instruCti On) 2.035 2i505s0 5.48 deces sas sneecchaeseagaassattasteestaisiveadeuns OM 36 
Machine-check interruption ..........0000..ccccccceteeccceteeeees 9, 39, 47 
Main storage (see processor storage ) 
Mian tial OBE jg35c8 02¢ tots ice Gucuamninene uncabmdenenn adiass Me 41, 43, 47 
Meters: cesoiciceci iar Sint tend Be tae teat bel nea dea dal ele atone: 43 
MIM states tecist ign d ancisraitesecet edt. athace shad acans hit toe etaaitetnn ener all 32-34 
MineriGi les: iii 3ii helt aie bec reo canta aeinanenaaay Maa TiN 12,13 
MPX (see multiplexer channel) 
MS address compare switch ..0..........00.ccccccsccceeecees 39, 45, 46 
MS setting, storage select switch 00.00.0000... cece 45, 47 
Multipath control unit: .000000000000 cece cere eenetetee 30, 31 
Multiplexer channel (see also channel) .............0..0....... 7, 29, 33 
Multiplexing G6viees i. dransiaeicnerteiiele atic eee bac 33 
Multiplex mode 
Data-chaining requests 0......00..000cccccccccccscecscccccseeecseeessseeeaes 36 
TIGHT OME OR cca rssincacties a fiecehe nani Ve nadoan ceenerannle eenneluadersentes 32 
Duration of bursts im oo... ccc ccc cecceesseeectseesesseceseeneaes 35 
Interference with CPU ooo.....0.ccccccccceeccecceeecteereeeeaeen 34 
SEAS ia leak frida stdin tet ean anaeu ia aE a 32-34 
IMIR ISY SCOTS soe cio panctsnccuee te oda) reetaning ead eohantareeatdasaoobedt 37, 42 
INOW PS WW wei ite mane aman ae een 41, 43, 44, 46 
Non-shared subchannel addressing ............0...0.0ccccccesteecceees 31 
No-op Commands ............00ccccccccecccsesceeseceseescsttcssesessescsseeens 12, 35 
Off-line control units/devices .....00..0000.000cccccceeee cece eee 39, 41 
DEAR Ie sors rsh caddy Bic fale igh tce wed bap dw eoand eas 32 
Operator controls 
Description. <aciesieoe ae ele 41-44 
TEASE ios GoicesichcccuckscncnsvSscntueteusa teeta Sean cnpocsesttetea ts cntdesstetaeeya bes 41 
IPH GEO® hcetuivicttalpenarichubtnbeab at secttitl Mba yuatibe taboettctt hats tautnal odes ats 42, 
Operator intervention controls 
Deseription: :2iscccseaussete cages cesarean tegen bai sient ales 44.48 
Teast Sidstin ees atest yah eta Beneoeeca lakes antl Pan ee See 44 
DUOC dace seseensutesesegec tesa Sten aucag ena aT) cesT na biaaaD 44 
Oscillator, high-resolution timer ........0..000.00:0ccccccsetseetteeeeeees 9 
Oo] 1 9 are ee eae ne RRC RTS PRIOR Pt rc eoaa ne eR ery a 29 
Overrun stesc fice ier hada vda cartesian MOM A tend 35, 37, 38 
Parity nits 0h ec te tatandentaatiocahae ead eavend tia east Aulac. thes eases haves 5, 39, 46 
PCI flag (see also program-controlled 
interruption) ................05. RON Sa ee rT Re een 33, 34 
POWers6t KEY nit cca euties Pe ieeiaoes 43 
Power-on Key oo... cc cette cee ce cect teteeeeeeeetitsieseeeeeennes 42, 43 
Precision selection, floating point ..........0.0.000.ccceee 13, 46 
Prietinn SOOKE 3. Steichen tare ahan aes aians es bvauatan neheaea cea: ll 


Priority among contending channels ..............0.....ccccccccceees 36 
Priority arrangement of I/O devices .............0:ccceeee 34, 35 
Priority interrupt feature ....0....0...0.ccc ee eeeteeeeteeee 5, 7, 32-34 
Problem SEAS 25s ek asyeteekctos had coinaieas naadadstedestevartadesenaeoses 47 
PROCESS setting 
MS address compare switch .0.....0...0..ccccccccccceseecseetteeeseeeees 46 
PRALESWIECIE | cei nte octet os tian a seas oisila atta tac asia ae tpeeherd ty 43 
Processing unit 
TESOL IDLIONs. dofricsncceiaed Ge scacae vinci satasus aottaws meanness 5-10 
PPE gai rcasieten retae Bicigda Savane patna tanss ea Sa eesti eS 6 
State of (see also stopped state, wait state) ........0......00. 43 
WSa0e MCLE ccs tend ll Qari hn Coat 43 
Processor storage 
CADACIUES. si soh nial cake ade We ee 7,8 
Changing contents Of ...........0.ccccccceceettestteetteeeeeenes 45, 47, 48 
VN seca ncadionsede 8a aera otitis bya tbs aes iacua Sian sowile aaeha Maa Pate 5, 7, 34 
Displaying contents Of ........0.ccccccccectecetecetteetteetteeettees 45,47 
Manual addressing Of ........0.ccccccccccsscssceseecsecsseeseesseeseesseessenes 45 
Obtaining accesses tO o...ccccccccccctecscesseetseetseetsessteneeas 34-37 
Obtaining consecutive cycles Of 0.0.0.0... ees 35, 36 
Preservation of contents ..........cccccccceccecescceseceserneteaeees 39, 43 
SOO i, thee a2 awh gS ciate ica aaah cations eg ce ad aaitiat nas 5 
Processor (see proccssing unit) 
Programming systems residence. .............0ccccccccseeeecceetseeeeeseees 5 
Program-controlled interruption .........0...0.c0.c008 9, 33, 34, 41 


Program status word (see PSW) 
Protection feature 


BOUNCE chose aaiatdentes ened tale weed ee 10 
Deseription. :.s6ccscSen coesioeuitietees aciahanivamngientsceewui neon: 9,10 
Betoh: protect On s.r dese ts Reais laonceneanss cena 9,10 
TriStruiCtions® siaiveieiSiaeedastessecedsseteriath qidsceataenst esecal aon 10, 13, 14 
Instruction timing formulas |.........00..0000.0000. 14, 17, 22, 23 
Key. cancnta aac eetsn ate aasatossoremenads 10, 41, 43, 47 
Store protection 0.0... ccccccceeceeseeceeeeccetetnateeeeseeninies 9,10 
PSW 
Abbe r UPL os chteete ait oo cieeitet eas ite RP OA ci os 41, 46 
Allowing or disallowing interruptions ..........0...000...000: 47 
Causing exit from wait state 00.0.0... ccccccceecccetteeeenteees 44 
Changed by data switches ....0...0.0..0..ccccccccteeeeeeeeeeees 45, 47 
Changed by interrupt key .0..000..0cccccccecceeteceeeetteneenes 492 
Gurrent) 4 oe a ee 42, 46-48 
Displaying on data lights 000.000.0000 cceccseeeetteenteeeeteeees 46 
PiGUre SHOWING xcsedssd es Ge Seon ie Bia ates: 47 
Identifying external interruption ......00.0.000.00.ccereee 9 
Instruction address portion ..........0.:c6ccccceesceetteetetsteeeteees 46 
ING eo hes tate the tt Saale Sin pnd tears tices 41, 43, 44, 46 
Preservation of contents ........0....cccccccccesececcteeeeceteseeeeee 39, 43 
PSW 0-31 setting, storage select switch .........000000.e 47 
PSW 32-63 setting, storage select switch ..............0.0... 47, 48 
Restart caused by system reset ...........000.00ccceeeee 39, 46 
PSW restart key oo.....ccccccccccccecssecsseccseesssecsecsiseeeseccnsessterens 39, 46 
Rate switch 
Punictions® 5dr cht. ce mcosecodvieiea nsiiaieed dean harnesses 46 
INSN STEP setting ........0000.00ccccccccccccecccceeeeeeeeeeeeeneees 9, 39, 46 
PROCESS: GOGH @ 5.)0ia. Since cecuszepeisscsotees nataodshi cotton ae 46 
SINGLE -GYCLE ‘setting joi ncn Gear dai ee ois 43, 46 
Read IPL command ..0.......:ccccccceccsscsesceseesesesssneeersseseaees 12, 41 
TREAGAON DY SLOT ARE ii, wnisr aici acd dacte ice aed Hc panto aye 5 
Ready Hohts: Cis} tec ctsisehstiaets dettsharthanieasheanattaeiicer twee 41, 43 
Record length, disk: cs. eel ditieccesiug deine hang Wnuseenie nin 12 
Registers 
Bee I AOR ou ttobirxo Ocak yaseednrenardaouayirseis Manas ve Saaduaety 6 
Dated side teids toes sat aahstead ge denahad oes cast tiaticdc cov T ov dante teandins Casta apes 37 


Floating point (see floating-point registers ) 
General (see general registers ) 


High-speed general (see also general) ..............000.00.. 6,13 
Storaee: addrese™ 9.0, ciao nateasedbaeasvenay Gsesitiaans tana Hee 6, 8 
Request tricecs, te2hnch 22 cussed hae toate sah avaciones ae hee ences 32 
Reset state for control unit/device ..........0.cc ce ccecceetee tenes 39 
Rotational delay, SDSD ...............ccccccccccesssecsseesstesessneeesnstesens 11 
Running state ..5. oth ered ieiiaPeslbte Gece ei Gian ees ee 43, 47 


SDSD (see single-disk storage drive) 


SeGEOr ss (LIS Ie coi ai fan aivs neste eenac usr ch wveha deo haneec ag eapien eae nndanty 11 
Selector channel .........00..ccccccccccscssseeseessesseecsscseecseensecees 5, 32, 33 
SelSet Nit gnc tee heh aaa eae svete wt Gta ee tgs mats 33 
SENSE /COMIMIRINC, Sect etscen ts Measndeds ev tains item aitetonts a head eceets 34 
Set 1G hey scence ia aaccanerehedeeun Gd to ee cae. 45, 46 
Shared control umits/devices ........00.000.0.ccccccecseeee 37, 39, 41 
Shared-path control unit .0....00.00000.00cccccceececcecsscetetenseeees 30, 31 
Shared subchannel o........0..00000.ccccccccccccceeetecteseeetenes 12, 29, 31 
Single-byte handling .0.......00..00cccccccceeceececcescesscetseenseecssetseeens 5 
SINGLE CYCLE setting, rate switch .....00.000...0..00....05. 43, 46 
Single-disk storage drive 
Acceleration to ready state .......0....ccccccccceceeetsetteeeeenes 43 
Adapter Ss casearncaemarniei tints acest acmnceoae bas 5, 11, 30 
COBACHY sac rev darmatiincunotensn ite ii. sec eid onisuon teks fotad uate ties 5, 11 
Cartridge (see disk cartridge ) 
COW oA et st rela ee acta ain eran Ge niacnindacenabeanthineds 12 
Gommands: -.6cescpccce ty easasectethin gil see cies aden cd wears enahaaee 12 
Control-unit position required ..........00.0000c. eee 12, 29 
Data Yate secs 605 sas caicidete ss sanvds 2 eianedecceusnens estas tc desea les tacts 11 
Deceleration for cartridge removal ..............0.000..0.ccccccseee 41 
Demand for processor storage ACCESSES «0.0.0.0... cece 35 
Deseripuion: 1363.3. eewltnctien ier ant eae phate ie ae 11, 12 
Overrun possibilities 00.00.0000. cece cceseseceeeteceseseeteeens 38 
HOE 63 arco iadatetincantaceaaed inlavoddelognueaenkacitne tlutaniisnleavine ares 11 
Priority required 200.0000... cccetcetterseestsetnsetceeesteneee. 35 
Stopping before power-off 0.0.0.0... ccc cseteeetteetees 43 
Subchannel required .........0...0.0ccc ccc cseeeccetee seen 12, 31 
Single-path control umit ..0.....0000.00cccccccceccecseeeteteeeeees 30, 31 
Sip TAG catenin cin tiated acer ousld Sactsiusidiietat att caatce sa mnateetidantes 41 
SA ase eae ea yak Co Reet cane Beaune late ce avian hee 12, 41 
Stand-alone programs ......0..0..00:ccccccceceeccetecescecteettanssessteseey Al 
Standard instructions 
BASE 5 et ciineieveac raise iirecnthdl uated aaciace Satetntnncer Stele ottesn sha ceunted 12 
Timing formulas ..........0...00.00cccccccccesteersectees 16-18, 21-23 
Standard supporting equipment ............000.000ccccet eee 10 
Start ‘key (CPU) svi. ie mating incest tanccdedial an 46, 47 
Start ‘keys: (isk) sce ctsasctne coset say seaceaasiniat, vaatoteubae tl oclvedeela: 43 
States OF GPU oho hia Sa ode chia Pcie eG, 43 
States of I/O interface ......0000..0ccccccccecceeeeccceeeetseentstesteeecnieee 32 
State-o€ 1/O system 2.0 a. cade PA ae eel 43 
Stopped state 
Between instruction steps ......0.000.0...cccececccerscseceeeerenens 46 
Caused by system reset ....000.00.00ccccccceeeeeteeecttetrereen 39, 48 
Definition. 08 3555.5. 500 oseivicnnbsi pence a ead psyco. 47 
TROTERTION OF sauce tesco eae pectraiesreistesaetetsen auleentans 43 
Required for changing rate switch .....000..00.0000.0e 46 
Required for using display key ......00000...00.0ccccccceceees 46 
Resulting from address comparison .................0000::cccccsees 46 
Stop: Kheye (OPO) atcco 2 nc clttiate that ota ccehanat ccten ys 39, 47 
Step Oye isle) 5 si vescea eae cetes Gee onan es tase hastoadtiac ele Makes 43 
STOP setting, MS address compare switch ...................... 45, 46 
Storage (see processor storage ) 
Storage address register .....0..00..0000.ccccccceecceceeecetecetteseseeesees 6,8 
Storage address switches (see address switches ) 
Storage protection (see protection feature ) 
Storage select switch 
ge sl SMC <2 1 12a Oe Ro OP BE 45, 47 
PUnCHONS: 2cnGie tus at award einen nent 39, 45, 47 
ROP Re SOLU stoic. kc sateecs Vicscerase reeenaiea Reva rade eae ane Acade Oos 45, 47 
IES SEU oi eps von ct ye ined eieaiulanehncaadton de berainctoncadadenat 45, 47 
PSW 0-31 setting 0.0.0.0... ccccccecccccsesscesesectsnessssesssssenssessensseses AT 
PSW 32203" SCUING cagiaiiavandccansacctainaemus ek miseries AT, 48 
Store and display operations ...........0.0.0.00:08 39, 45, 47, 48 
Stores Key <a ceselsdctasoesstantossextnnooaice, hd tae ahedbchnats 39, 45, 47, 48 
Store protection (see also protection feature) ................. 9,10 
Subchannel 
DO OTOSS i Gyclscd ssacindanhncne ven uiteuck ecaiexeore lawn kacenertoincesh 29, 31, 43 
Apportionment, example o.....000000.0..ccccccce cee ecectee cette 29 
CTGBPEYE feet Mid sa Tralee deat ataberreeeads eyelets viaces deal cenee Beart 7 
System maxima ooo... cece cccceeetecetttetesevesesueeeeeeeceeeeetenes 29 
SUPETVISOL StALE oooh c accurate sn conde Menai ene ians 41, 47 
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Supress-length-indication ......0..0....0..0ccccccesccesteeteeseeeeeeseenees 12, 41 
Switches 
DATES lei foscichit hy Wetrciai estou cst Ansllawesaae ease 39, 45-47 
CE keylock switch o0...0..00.00cccccccccetecsseceetettetsecsesteneees 39, 43 
Gheck reset: k6y: wissiccstes cd ican ao mek hctu ieee iad eit: 45 
Data switches o...0....000:ccccccccccccsseeeeseeeestecnereens 39, 45, 47, 48 
Disable interval timer switch ........0.0.00000000cccccsccccecsecseees 9 
Disk: OG V 8 se8 Lacon ead ean ainaartastnadteerinated atnateundeten 43 
DOIG D MOVE oi c58, oda Buca tok canton aaa: 43 
Display KEY cies esin nohavice ace ad 39, 45-47 
Emergency pull switch ........0.0..0.0.ccccccccsseeteesecssstseeees 41, 42 
Floating-point precision switch 0.0.0.0... 13, 46 
Tnterript ‘Key: scecct cncateinsechan nahin Oran 42,47 
Tami test Swithis: <scciscccivaien te cuoterotegs cna gasteliacesnt ecteslania 46 
Tid) REY cc tsi tic sien atedcgdtceastinttdeaslantanetseea selddceuhtste 41, 42 
Load-unit switches ..00...0..0.0cccccccccccceessessecscssessessesseseeseees 41,43 
MS address compare switch ..0...........ccccccetecees 39, 45, 46 
Power-08 Key 4scs ch sickened verenuih a edniningaciener ones 43 
POWEr-One KEY eis Sitesnc a ouinaresidsans aNteaa dg ieantdewincsnkan toes 42, 43 
PSW. festart Oy sie 2.5: ccrchiawicsned isa hinyieasa nein ea tedahetae 39, 46 
Rate switch c.. aah cathe oee rw aeetaneu ate wate 43, 46 
SEU 1G ey bass cccatsissn hesunlads duels causa dadotage ue eaelaunediaehibawee 45, 46 
State Key COP) ee oh sts hee eke hicardcind meen 46, 47 
Stare Keys: Gish paige tears iacisostayentents dtu idan eeuscvedl Lestat 43 
Stop key: (CPU) ei fo ceric ts hd gas abe ace anaes 39, 47 
Stow: (KEVS UC GiSIC ) bos csaceiitsvonrathans deiedvestaedtuarhiantapal Seated neues 43 
Storage select switch ........000.00ccccccccccecetteeeeeeneees 39, 45-48 
Store Oy as ccontiagn dren laa sake ata ath ent 39, 45, 47, 48 
Syste TESEE KEY inks ceva tees sy caas hse eee epudansaetieaess 39, 48 
Synchronous buffered multiplexing devices .................. seluteding 35 
Synchronous unbuffered multiplexing devices .................0.0..... 34 
System 
PGR IUIOR? onc aict tic iad apephe hn aeeweheatals let Rede dan eaten 39 
Model:44 prefixes i. Gin tctontereien hai Vote aena eis 7,8 
System/360 adapter ...0.......00..00ccccccceccsesesseeseeteeteeenees 30, 35, 37 
System control panel .o.....00..0 ccc ccccccececececeetsetesesteceeteeneees 39 
Systeme Lehto. o .ossieahs ceni a et reereeeit a eae eileen. 41, 43 
System reset 
Caused by load key ..0...0....0.cccccccccccccecsscessessetcssseeseersees 41, 42 
Caused by power-on key ...........0.ccccccccccetseesecceseeteteeetesens 43 
Caused by PSW restart key ...........0.c0ccccccccccecccseceeteteeen 46 
Caused by system-reset key .....0....00.:ccccceccccecsetttteetteeeens 48 
DGSCHPLION DE 25 5ciarceics sess Med assed ned Ras ean eke deedeanes 39 
Starting CPU saber: sds acec. Wocisrncqiaandca atceondetn haste pce reads 47 
System-reset key 2.0.2... ccccceccccccecceseeteeeseecstesttetssescseetieeeees 39, 48 
Test Lights3 tei cae cede inked eee 43, 46 
TUG: Commands: is seidie edic dese piisisescocdaposnco wasaetia 29, 34-36, 38 
TIC COW os ices adie ten gee eg aR Gate at ere eased wutee os 35, 36 
Timer 
PGS CHEUI ON: — 255 ciety es 2 ek tec and a lead rleaharent ase ee gnaaies 9 
Initerruptlon: 45. caraeieaecdsnsasss abet Si sael Occhi oss iomuaeaits 9, 47 
Multiplexer channel ...0.000.00.00..00cccccccccccsecseeescstecsecteeteeerees 33 
StanGard sicecteceth aaa a eae se eodaiaaa eeksbalsea iad bonis 9 
Step trigger cde dada aahn cans aia ves aWaeasearaieasealesien Gucatieeeceees 9 
MI DOat ine cera test Se Sat nas ett Ne ow ace et aa 39, 46 
Used as real-time clock ......0....000ccccccccceccccsceesscstensceseetseesesees 9 
NV ccs ag tema ed beacon oration omarpa had me ee 9 
Timing formulas 
Floating-point instructions .........00..00..0...ccc ee 18-21, 24-26 
T7/O) UStPUGHOns sec. vcscncesductoas)ocstencdecesevteeve heaves 17, 18, 22, 23 
Protection instructions ......00..0.00ccccccceeseeetteeeetseeees 17, 22, 23 
Standard instructions ..........0.00..00cccccccesseceeseeeees 16-18, 21-23 
SV MADOLS MUSEO I io cxtcra tt a sicacd tava asks edad ge ee eit raldincavermetioans 26 
Tracks, (isk: v5.62: Sikh a ae Re aha ee ee ll 
Transfer in channel command (see TIC command) 
Type I cross-channel interference ........0...00..ccccccecece tte eee eens 34 
Type II cross-channel interference ............0.....ccccccseeeeeeeteee 35 
Unbuffered burst-mode devices ...............cccccccccssessettetneeen 35 
Unit check condition ......000.000000ccccceccccceccectecetseceeseseseeetenieees 34 
USASGU=6 o.oo soc ccins chaste Re chihacod ei thvale Da ala ectin an Silanablata Meade 47 
TSA WE: ACUTE da So sscsis cals setae hth dead Bsc liasue et nena he stots leas 43 


Variable-field-length. instructions ........0..0000ccccccccessesseeseeeteees 5 —_—_ Before system reset .........cccccccccseecsceecseecesccssvecsseeessseevseeenees 39 


Variable long-precision floating point GATISE OE oss Sate ae cca ceotacia een eae tetas edad Rea 41,47 
(see floating-point arithmetic) POSTE POA ston sac tastes cates tai ak eae an edad eda he 44 
Teli Gain OF. Secession cans nena sta esa ee tshowo deanna 43, 44 
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